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e Human Diseases 
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e Practice Questions with Answers 

e = Index 


Essential features of the book include the presentation of its content with great lucidity using mind maps, flowcharts and 


tables. Numerous illustrations, diagrams, statistical figures and graphs have been included to ensure simplicity and application 
orientation. 


Supplementary information on every page adds to serve the needs of readers and address their queries that may arise in their 
minds. Structured organization of facts, concise use of the texts and illustrations, images for visual aid help blend conventional 
science with the current evolving one. This renders it as an unparalleled piece of work, 1.e. in other words Brain with Beauty. 


We are very much confident that the students and teaching community will find this book extremely useful. 
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Infrared 
rays 


Exmaples of 
EM Waves 


* transverse waves form only in fluids 
- air & water 


* longitudinal waves can form in all 
three media - solid, liquid and gas 

* electromagnetic waves can never be 
longitudinal waves 


* radio waves are reflected by the 
ionosphere & can be received 
anywhere on the Earth 

* Radio Detection & Ranging is a 
technology that uses radio waves to 

identify moving & fixed objects 


* waves are the result of oscillations, 
i.e. oscillations produce waves 

* but oscillation may occur due to 
wave too 

* a wave is created by energy emitted 
from oscillation 


e Radar works by measuring the waves 
that are reflected back from an object 
e radar can detect objects at ranges where 


sound or visible light is too weak 


longitudinal waves 


transverse waves 
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are mechanical waves 


& TT DOS Rea 
i4 So 


rarefaction compression 


1A 


— 2^ 
Longitudinal waves 


wavelength 
motion of vibrating particles is along 
the direction of motion of the waves 


in longitudinal waves 


sound waves & waves in coiled spring are such waves 


in transverse waves 


Electromagnetic 
Waves 


motion of vibrating particles is 
perpendicular to the motion of waves 


waves on surface of water & waves on a string are such waves 


crest 


A TATAY 


trough 


they are emitted when electrons move 
from higher energy to lower energy level 


wavelength 


Transverse waves 


are also produced when an electron oscillates 

they don't require medium, can travel in vacuum 

are only transverse waves & can never be longitudinal 
electromagnetic waves are more energetic than sound waves 
they move with the speed of light (3 x 10° ms! ) in free space 


in electromagnetic waves, electric & magnetic fields are 
perpendicular to each other and also to the direction of propagation 


o 
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Characteristics of Waves 


: it is the maximum height of a wave 
* has magnitude only & no 


direction 


it is distance from centre line to the top of a crest 


* velocity is a vector quantity; 

* has magnitude & direction 
both 

ev-fx À 


amplitude is an indicator of the energy a wave is carrying 


the greater the amplitude of a wave, the more ener gy it is carrying 


for transverse waves 


amplitude is measured 
in metres (m) 


it is the distance between 


two adjacent crests 
or two adjacent troughs 


* we cannot converse on Moon as 
there is no air & sound needs a 
medium to travel 

* satellite signal are received on Moon 

because electromagnetic waves 

required no medium to travel 


Seismic Waves f 


* are produced by earthquakes & other 
geologic disturbance 

* these are waves of energy that are 
transported through the Earth & over 
its surface 

* are both transverse & longitudinal 


it is the distance between 
two successive rarefactions or compressions 


it is measured in 'metres' and expressed in Greek letter 'lambda' (A) 


frequency of a wave * 1 kHz= 1000 Hz 


* | MHz - 1000000 Hz 


is the number of waves 


passing a point in a 
certain time (say 'a second") 


it is denoted by 'f' and measured in hertz (Hz); one Hz = one wave/second 


frequency of radio/TV waves is measured in kilohertz (KHz) or megahertz (MHz) 


X T JOE T-Uf 
it is the time taken where 'T' is time period 


& "f is the frequency 


by one complete wave 


* hertz is SI unit of frequency to pass a given point 


* it is equal to one oscillation/cycle per 
second 

* it is named after German physicist 

Heinrich Rudolf Hertz - who gave 

electromagnetic theory of light 


it is measure in seconds and is inversely proportional to frequenc 


it is the distance travelled 


by a wave in one second 


speed of wave is measured in metre per second (m/s) 
sound waves travel at an average speed of about 340 m/s 


electromagnetic waves travel at 300000000 m/s (3 x 10*m/s) 


ey ——— 


Incident 
Wave 


Incident Waves 


Incident 
Wave 


Reflecting Surface 


Properties of Waves 


Reflected 
Wave 


SIAL M poioeigiq 


SdAB M pəsIədsıq 


it is the change 


in direction of wave 

at the interaction between two media 
reflection occurs when a wave hits an object and bounces off it 
echo of sound occurs when sound is reflected from a distant object 


rough and smooth surfaces look different because of reflection of light 


110) 
Sows 
; OR : 


it is the change 
in direction of wave 


accompanied by change 
in its speed & wavelength 


refraction occurs when waves pass from one medium to another 


light waves slow down when 


diffraction is the 
they enter liquids & solid, but 


bending of waves sound waves speed up in 
liquids & solids 


around obstacles or 
openings in their path 


diffraction increases with increasing wavelength and vice versa 


rainbow patterns when light falls on CD or DVD is an example of this 


dispersion is the 


owls are able to diffract more than 


splitting up of 
short wavelength tweets of songbirds 


waves by frequency 


it depends on the physical properties of the medium 


dispersion causes the shape of a wavelength to change as it travels 


polarization is the 
oscillation of a wave 
in only one direction 
it is exhibited only by transverse waves, like light waves 
it is not exhibited by longitudinal waves, like sound waves etc 


light waves, radio waves, gravitational waves etc exhibit polarization 


X INDE MM Pe ie res 


Radio Waves 


for communication: 


* radio 

e TV broadcast 
e radars 

* cell phones 


are used for 

* heating & cooking 
food 

e wi-fi 

e telephone circuits 


Microwaves 


Infrared Waves 


are used for 

e night vision 
equipments 

e imaging 

e high thermal 
effects 


is the light we can see; 
it allows us to see and 
communicate through 
books, videos & hand 
signals 


Visible light 


P-type 
Seismic 


Waves 


Ultraviolet waves 


are used for 

e water disinfection 

* to light up 
fluorescent material 

e to check counterfeit 
currency notes 


are used for 

e astronomy 

e medicine 

e radiation therapy 

security systems - for 
scanning baggages etc 
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vibrating 
drumhead 


Positron Emission 


Tomography - 
a nuclear imaging 
technique 


are used for 

e PET Scans 

* food sterilization 
* cancer therapy 

e astronomy 
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About Sound 


noise level of > 80 decibel can 
impair hearing in humans 


sounds with frequency < 20 Hz 
are called infrasound 


sounds of frequency > 20k Hz 
are called ultrasound 


bats use ultrasound to navigate; 
can hear sounds > 1 lakh Hz 


100°C | 386 m/s 
20°C | 346 m/s 


BUS o do 
EET 
TET 


louder sound can travel a larger 
distance because of high energy 


temperature falls with height 
and so does the speed of sound 


sound travels slower than light, 
so thunder is heard after 
lightening is seen 


speed of sound is independent 
of pressure 


sound is a mechanical/longitudinal wave 


it is a disturbance that travels through any medium 


it is produced by oscillatory motion of objects (vibrating objects) 


sound cannot travel through vacuum Eve 
of any object is 


known as vibration 
e this motion is also 
known as 


it requires a medium for its propagation 


the medium can be any - solid, liquid or gas 


when sound occurs, the molecules in a medium oscillatory motion 


collide with each other to 
transfer energy & propagate sound 
sound travels as compressions & rarefactions in the medium 
rarefactions are regions of low pressure 


compressions are regions of high pressure 


frequency frequency (v) = 1/t 


it is measured in hertz (Hz) 


represents the number of waves passing a point in a second 
humans can hear sounds of frequency between 20 Hz & 20000 Hz 
the higher the frequency (pitch), the sharper (shriller) will be the sound 
voice of women is shriller than that of the men because it has higher pitch 
amplitude (loudness) 

decibel (db) is the standard unit of its measurement 

amplitude determines the loudness or softness of sound 

it depends on the energy produced by the source of sound 

the higher the energy, the louder will be the sound & vice versa 
speed 


it is the distance, 


distinguishes one sound from 
sound waves travel 


another having same pitch or 
in a given amount of time loudness 


speed of sound is almost independent of its frequenc 
speed of sound is slowest in gases, slow in liquids & fastest in solids 


it increases with rise in temperature - it co-variates with the temperature 


— i —— ———— — 


= A : Esencia : Science & Technology 


Velocity 
of Sound 
depends on 


DENSITY 


Velocity of sound in air is inversely proportional to the 
square root of its density 


HUMIDITY 


Velocity of sound in air increases with increase in 
humidity & vice versa 


PRESSURE 


Velocity of sound in air is not affected by change in 
pressure so long as temperature remains constant 


TEMPERATURE 


Velocity of sound in air increases with increase in 
temperature & vice versa 
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Ultrasound 


bullets, jets, aircrafts that move 
with supersonic speed produce 
shock waves in air 


it is called ultrasonic sound also 


sound with frequency > 20k Hz is called ultrasound 


is a very sharp & loud sound 
produced due to air pressure 
variations associated with 

shock waves 


the pitch of ultrasonic sound is too high for humans to hear 


ultrasonic sounds are produced by bats, rats, whales, porpoises etc. 


police use high frequency whistle which dogs can hear but humans cannot 


* waves similar to shock waves 

* produced on the surface of 
water when a motor boat 
travels faster than the 

speed of sound 


Dogs can hear sounds 
with frequencies as 


attenuation 5 
high as 50000 Hz 


at the point of crack or 
change in density of medium 


their intensity decreases 


this property is particular in non-homogenous medium 


* is a technique that uses sound waves 
for exploring ocean because sound 
waves travel farther in water than do 
radar & light waves 


* there are two types of sonar - active 
& passive used to clean parts 


* in active sonar, an acoustic signal or 
pulse of sound is emitted into the 
water 

* the sound bounces off an object in its 
path and returns an echo from which 

the depth & nature of object is found 


. Passive Sonar 


* passive sonar does not emit its own 
signal 

e it only detects sound waves coming 
towards it 

* used to detect noise from marine 

vessels & useful for military vessels 


such waves have high frequency, short wavelength & high penetration power 


; speed higher the 
located in hard to reach speed of sound is 
places like spiral tubes etc. called supersonic 


speed 


used to detect cracks or impurities in metal blocks 


such impurities or cracks cause 
Strong reflection of ultrasonic waves 


used for finding the level of liquid in a metal tank without opening it 


used for treatment of arthritis, muscular pain & taking images of internal 
organs as ultrasonic waves reflect back from regions of changing tissue density 


ultrasonic waves are employed to break stones formed in kidney into fine grains 


wide application of ultrasonic waves is in SONAR (Sound Navigation & Ranging) 


uses of SONAR 


to measure depth of sea 


to measure distance, direction 
& speed of underwater objects 


bats communicate by means of SONAR 


dolphins, whales & porpoises also use SONAR 


ratio of speed of sound source 
to the speed of sound for navigation purpose & 


location of food in the dark 


i? 
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More About Sound 


to hear a distant echo time interval 

between original sound & the reflected 
one must be at least 0.1 second because 
the sensation of sound persists in human 
brain for about 0.1 second 


it is reflection of sound 


from the surface 


Reflection of sound 
follows the same laws as 


of a solid or liquid 


it is produced by obstacle in the path of sound waves reflection of light 


in case of multiple reflections, echo can be heard more than once 


echo may be desirable as in sonar or undesirable as in telephone systems 


NS 


reverberation is it is due to the 
successive reflections 
of sound from many 


caused by multiple reflections refiecting surfaces 


overlapping of sound 


* incident ray and reflected ray make 
equal angles with the normal to the 
reflecting surface at the point of 
incidence of sound 

* incident ray, reflected ray and normal 

lie in the same plane 


reverberation occurs when several reflected waves overlap 


phenomenon of reverberation is clearly noticeable in auditoriums 


it is perce 


ived when reflected sound wave is heard in « 0.1 second 


CER ZE 


undesirable reverberation 


Echolocation or Bio-sonar can be avoided 


* it is biological sonar used by several by the following 4 
species of animals 


* used for navigation & hunting in sound absorbent material such as 
various environments 


by covering the roof & walls of a structure by 


* such animals include some mammals compressed fireboard 


& a few birds rough plaster or draperies 


seat material can be selected on the basis of sound absorbing properties 


TT 


in stethoscope 


Incident sound is heard due to 


multiple reflection of sound 


ceilings of concert halls & cinema halls 


are made curved so that sound 


can reach all corners 
of the hall after reflection 


horns, shehnais etc are so designed as to reflect sound in a particular direction 


Occ. eo Or a EST/ 
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How do we hear? 


human ear is 


Auditory 
Canal 


extremely sensitive 


Cochlea 


it responds to minute 
pressure variations in the air has three parts called 


outer ear, middle ear & 


if they are in 
inner ear 


audible range 


human ear is the organ of hearing and equilibrium 


V A " š 3 7 . . 
\Tympanic Membrane it converts sound waves into nerve impulses which are carried to the brain 


Malleus 
Outer Ear Middle Ear Inner Ear 


: Hearing Aid 


* it is an electronic device with 3 parts 
- microphone, amplifier & speaker 

* microphone: receives sound waves & 
converts them to electrical signals 

* amplifier: increases power of signals 

& send them to ear through speaker 


: Decibel Meter 


* an instrument to measure loudness of 
the sound 

* it assesses sound levels by measuring 
sound pressure in decibels (db) 

* it converts sound pressure variations 

into electrical signals 


Doppler Effect 


* it is change in frequency of a sound 
or light wave due to motion of the 
Source or observer 

* frequency of sound appears to be 

higher when the source approaches 

the listner & vice versa 


the brain receives the electrical signals (nerve impulses) & interprets them as sound 


pinna' also 


sore = 


is a membrane called 


tympanic membrane 
that collects sound also...it vibrates in 


waves from surroundings 


it is the outer part of the ear 


response to sound 
waves 


eardrum separates middle ear from the outer ear 


eardrum (tympanic membrane) ends in auditory canal 


eardrum vibrates with sound & passes it through auditory canal 
dl 


it is a cavity 
filled with air 


& located behind eardrum 


outer ear with middle 
ear 


the middle ear consists of three bones named 


called labyrinth of the ear is called 'tympanic 
cavity' also 


detects sound & maintains our balance 


it consists of cochlea, vestibular & auditory nerve 


cochlea turns the pressure variations into nerve impulses 

= these nerve impulses (electrical signals) reach brain via auditory nerve: 

i is a balancin ET. À ; ] 

puse pe s our brain interprets the electrical signals into sound that we can understand 


lightest bone in organ in human 
human body car so sound is a vibration that travel in a medium as a wave and sensed through ear 


o —————— 
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Light 


light is a 


transmits information via pulses of 
light through optical fiber... it is ideal 
for transmission of heavy data 


form of energy 


a transverse wave 


it is a form of electromagnetic radiation 


light does not need any medium to propagate 


it enables human beings to see various objects clearl 


optical fibers are glass or plastic fibers 
that carry pulses of light 


^.. Laws of Reflection ~~ à 


* First Law: incident ray, reflected ray 
& normal are at the same point of 
incidence & all lie on the same plane 

* Second Law: the angle of reflection 

is equal to the angle of incidence 


Laws of Refraction 


* First Law: incident ray, refracted ray 
& normal lie on the same plane 

* Second Law: angle of refraction is 
smaller than angle of incidence®1' 
when light enters from rarer to 

denser medium & vice versa 


- Why does sky appear blue? : 


* it is explained by wave optics 

* in spectrum of light, blue light waves 
are shorter than red light waves 

* so blue light is scattered more than 
any other color in Earth's atmosphere 

* therefore, the sky appears blue 


it provides means of communication also, e.g. fibre optics 


it is refractive index; it 
is the ratio of speed of 
light in a medium to 
its speed in vacuum; in i 
vacuum, the refractive j 


in water is 0.75 c and in glass it becomes ~ 0.67 c index is taken as '1' 


it depends on the medium 


: : ; 8. -l 
in vacuum, its speed is 3 x 10 ms 


it decreases as density of medium increases 


it reaches from Sun to Earth in 8 minutes & 19 seconds 


to reach from Moon to Earth, it takes 1 minute & 28 seconds 


reflection occurs when all paralleled rays 


reflected from a surface are 
not parallel...it caused by 


it reflects back rough surfaces 


after falling on a surface 


into the same medium 
it is more on smooth surface than on rough surface 
highly polished surfaces or mirrors reflect more light 
refraction 
it is change in 
direction of light 
with change in medium 


on entering into a denser medium, light bends towards normal 


light bends away from normal when enters into any rarer medium 


light travels in a straight line, this pro perty is called rectilinear propagation 


wave optics - describes the wave character of light 


ray optics - describes propagation of light in terms of rays 


E s c a 
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Reflection 


Plane Mirror 


. Why to use color glasses? 


take an example: 

* there is too much reflection from 
white paper 

* there is high contrast between black 
text & white paper 

* color glasses are used to reduce glare 


“Real Image vs. Virtual Image ` 


* point of convergence or divergence of 
light after reflection or refraction is 
called image 

* if it converges - real image forms 

* apparent divergence of light from a 

point forms virtual image 


^ ."Real Image vs. Virtual Image ` 


* virtual image is upright and formed 
by convex, concave & plane mirrors 
* real image is inverted and formed 
by concave mirrors only 
* converging & diverging lens are used 
respectively in real & virtual images 


Concave Mirror Convex Mirror 


'Converging Mirror — 'Diverging' Mirror 


image formed b 
plane mirror is always 
virtual & erect 
image is laterally inverted 
left is seen on the right 
& vice versa 
the size of image is equal to the size of the object 
distance of object to mirror equals distance of image to mirror 


when a plane mirror is turned at an Z 9, reflected ray turns at Z 20 


multiple images of 
an object are formed 


when it is placed between 
two inclined mirrors 
number of images formed depend on the angle between the mirrors 
number of images formed is (360+ angle between the mirrors) minus 1 
infinite number of images will be formed in case of parallel mirrors at angle 0 


total 5 images will be formed if two plane mirrors are inclined at an angle of 60 


what size of real image can be 


formed on a screen, 
but virtual image 
to see image of desired size cannot be 


plane mirror is required 


to see full image, image of at least half of person's size is required 


to see complete image of wall behind a person, mirror of at least 1/3rd of 


height of wall is required and the person should be in the middle of wall & mirror 


is a mirror with shape of 


the brightness of an 
image depends on its 
area of reflection; a 
larger mirror gives 
brighter image 


a piece cut from 


a spherical surface 


a spherical mirror can be either convex or concave 


in concave mirror, reflection takes place from inner surface 


but in a convex mirror, reflection takes place from outer surface 


Use of Mirrors 


it is an instrument for determining the 
angle between the horizon and a celestial 
body such as the Sun, the Moon or a star 
used in celestial navigation to determine 
latitude & longitude 


observation of remote objects by 
collecting electromagnetic 
radiation (visible light) 


Kaleidoscope fave 


* is an optical instrument with two or 
more reflecting surfaces placed at an 
angle of usually 60 

* it makes number of beautiful patterns 
because of multiple reflection 

* it is used by wall paper designers 


Periscope isis 


* is an apparatus 

* used to see objects that are otherwise 
not visible to the observer 

* it consists of set of mirrors parallel 
to each other at angle 45 

* is used in military & submarines also 


* are called distorting mirrors also 
* are used to obtain distorting images 


of an object/person 

* in fun mirrors curved mirrors (convex 
& concave mirrors) are used to have 
distorted effect 
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in solar cookers 


in looking glasses 


as deflectors of light 


for seeing round the corners 


in kaleidoscope, telescope, periscope & sextant 


ES 


Shade ][ndex Mirror 
glasses 
Horizon mirror EY 


Horizon shades A 
EN X em 
>. 


Y Telescope 
in reflecting telescope 


as head mirror by ENT specialists 


in shaving mirrors Micrometer |. Vc 


EL 
drum Nue 


because large & erect 
image can be formed 


in solar cookers as reflectors to concentrate light 


in opthalmoscopes to reflect light on the retina of eye 
in the mirror landing aid system of modern aircraft carriers 

in search lights, head lights of vehicles, torches & table lamps 

to form optical cavities which are important in laser construction 


in flood lights to obtain a divergent beam of light to illuminate buildings 


in sodium reflector lamp 


a gas discharge lamp 


as a device to check theft in shops that uses sodium in an 


excited state to produce 
light at a wavelength 
to diverge light from the lamp | about 589 nanometre 


used as reflector in street lamps 


over a larger area 
to bring view of corners which are not directly accessible 


as rear view mirror in automobiles 


as it covers a larger area 
because it is curved outwards 


& image formed is always 
virtual 
upright & 
diminished in size 


to avoid accidents, it is used in driveways where there is lack of visibili 
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Refraction from Lenses 


Concave Convex 
surface depresses <g— | —g surface bulges 
inward outward 
Concave lens Convex lens 
Causes light Causes light 
rays to spread rays to meet 
apart (diverge) (converge) 


* it is a defect of vision 

* a person having hypermetropia can 
see far objects but not nearby objects 

* it is called far-sightedness or long- 
sightedness 

* can be corrected by using convex lens 


* it is also a defect of vision 

* a person having myopia can see 
nearby objects but not distant objects 

* it is called near-sightedness or short- 
sightedness 

* can be corrected by concave lens 


ad Power of a lens 


* the ability of a lens to converge or 
diverge is called power (P) of the lens 

* it is defined as the reciprocal of the 
focal length, i.e. P = 1/F 

* the SI unit of power of lens is called 

'dioptre' 


two transparent 
refracting surfaces 


out of which at least 
one surface is curved 


Plano concave 


lens 


has two bulging surfaces 
is thick in middle & thin at edges 


convex lens is called converging lens Causes light 
rays to meet 


because it makes (converge) 


parallel rays of light 


to converge at a point 


the point of convergence in convex lens is called 'F' (focus) 


Plano convex 


lens 
convex lens is used 


in a camera 


in a microscope 


Causes light 
rays to spread 
apart (diverge) 


as a reading glass 


to correct hypermetropia 


used in terrestrial telescope to see objects 
on the Earth like trees, houses etc. 


convex lens is used in astronomical telescope 


to see heavenly objects like galaxies, stars etc. 


has two depressed surfaces 
is thin in middle & thick at edges 
concave lens is called diverging lens 


because it makes 
arallel rays of light 


to diverge from a point 
the point from where light rays appears to diverge is called focus 


is used to correct myopia or short-sightedness - a defect of human eye 
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Refraction related phenomena 


when a stick is behave as 
convergent lens 


partially dipped in water 


it appears to be bent 


because when light passes from one medium to another, 
it changes its path due to change in the density of material 


coin lying at bottom 


i; 2 z 3 5 H | 4 t behave as divergent lens | 
be Ie eee of a glass filled with water g | 
The bent stick illusion phenomenon appear to be higher than actual 


it is because of the refraction property of light that the point from 
where refracted rays appear to come gives apparent position of the coin 


two images of an object 


Denser 
medium 


are seen when the object is seen 


from a level higher than 
Apparent eer aes : 
depth that of liquid in a container 
| it happens because of visual distortions caused by refraction 
Real depth _L 


of light when it crosses the boundary of two different mediums 


when light from stars 
A 
Real Gar $r žk air passes through atmosphere 
i star it bends towards the normal 
| therefore, they appear slightly higher than they are actually 


Atmosphere > aS 
5 because of atmospheric variations, stars do not appear stationary 


this is why we see stars twinkling 


the Sun appears 


in refractometry 


to determine eye's 


oval-shaped/elliptical refractive error & suggest 


this is because the rays from the lower edge of the Sun are 
bent more than the rays which are coming from its up per edge 


the Sun is seen 2 minutes before sunrise & remains visible 2 minutes after sunset 
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Total Internal Reflection (TIR) 


Refracted Ray 


Air 


| CRITICAL ANGLE 


| Refracted Ray 


| TOAL INTERNAL 

| REFLECTION 
Air | 

| 


Incident Ray 7/02 | 20 Refracted Ray 


e is an optical illusion 

e is observed on a road or in a 
desert in a very hot day 

e due to this illusion we see a layer 
of water at a short distance ahead 
of us when actually there is no 
water 


refractive index of a 
transparent medium 
is the ratio of the 
speed of light in 
vacuum to its speed 


at the boundary 
between two mediums 


in that substance 


critical angle for 
water-air boundary 
is 48.6 ° 


from more dense medium 


to less dense (rarer) medium 


the angle of incidence is greater than the so called critical angle; 
at an angle below critical angle, both reflection & refraction will occur 


the angle of 
refraction is 90 ° 


specific value of 
angle of incidence 


e for medical examination of 
internal body parts of 
patients & 

* in telecommunications as a 
single fiber can transmit 300 
signals simultaneously 


sparkling of diamond 


shining of air bubbles in water 


looming is observed in cold regions 
mirage, an optical illusion phenomenon 
for transmission through optical fibres where 


light travels through the core by 
constantly reflecting from cladding 


consists of two prisms occurs due to special cuts on 


diamonds because of which 
TIR takes place again & 

again to give sparkling effect 

to diamonds 


arranged to invert 
& to reverse an image 


it is named after Ignazio Porro - its inventor 


" 


Dispersion & Scattering of light 


Incident 
Wave 


səag y posrodsiq 


* is a phenomenon in sky visible 
mostly after rain during a day 
* it is due to dispersion of sunlight by 

water droplets in the atmosphere 
* reflection, refraction & dispersion of 
light makes spectrum of light occur 


there are two types of rainbow: 

* Primary rainbow: in this the outer 
side of rainbow is red and the inner 
side is violet 

* Secondary rainbow: in this type of 

rainbow, the colours get reversed 


* on scattering of light from a 


scattered radiation may be different 
from that of the incident radiation 
* this is called Raman Effect & it was 
first seen by C.V. Raman in 1926 


e speed of light of different colours in a 
medium like glass, water is different 


e speed of light is same for all colours 
in free space or vacuum 


Types of Rainbow 


transparent medium, the frequency of 
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it is splitting of white light 


into its constituent colours 
on passing through a prism 
this gives us a band of seven colours which is called a spectrum 


splitting occurs because refraction or bending differs with the colour 


colours of light bend through different angles on passing through a prism 


in the spectrum of light, the red light bends the least while the violet the most 


it is the change in 


the direction of light pec 


the Sun is farthest at both 
these times...so, the light 
travels a longer distance to 


when it interacts 
with a particle of matter 


reach us... the more the 
distance, the more is the 
scattering of the blue 
light...so we see red colour 
more than other ones 


in atmosphere, light strikes 


with water droplets and 
particles of dust & smoke 


& it gets scattered 
colour of scattered light depends on size of scattering particles 
very fine particles scatter mainly blue light of shorter wavelength 


the bigger particles in atmosphere scatter light of longer wavelengths 


red light has 


bluish colour of water in 
deep see is due to the 
scattering of light 


longer wavelength 


than the blue one 
fine particles in air scatter blue colour more 


it is hence that we see the sky as blue in colour 


different size of droplets in clouds scatter different colours 


as all colours are scattered by clouds, so the resultant light is white 


"SUNL E I Sey sn 


A 


it is so because red colour is least scattered by fog, smoke etc. 


therefore, the colour red remains more visible from longer distances 
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Blood Moon 


Blood Moon 
Earth's atmosphere scatters light of 
shorter-wavelength & it is the red light 
of longer-wavelength that falls on 
Moon through Earth's atmosphere 
during the Blood Moon phenomenon 


Blood Moon 


it was visible around Indian 
Ocean & surrounding 
countries - from India to 
Democratic Republic of 
Congo 


is a rare 


the Moon passes directly 
through the middle of the 
Earth's shadow...it 
maximizes the time that 
Moon spent in darkness 


celestial phenomenon 


it emerged during lunar eclipse on July 27, 2018 


on that day, the Moon appeared rusty orange in colour 


on 27 July 2018, the Earth passed between the Sun & the Moon 
it was the ones lunar eclipse of 21st Century & lasted for 103 minutes 


MICROMOON 
occurs when the Moon is near apogee - the 


point in its orbit farthest away from the Sun; 
so the Moon appears smaller than normal 


the darkest part of the 
shadow 


the Earth became 


between the Sun & the Moon 


SUPERMOON 
occurs when the Moon is in perigee - the 


point closest to the Earth 


on its orbital path 


this position of the Earth obscured the sunlight completely 


some light refracted through Earth's atmosphere to reach the Moon 


except the red one, all other lights scattered & could not reach the Moon 


only red light of long wavelength reached the Moon & it appeared red in colour 


Xm Earth blocks the miei the 
temperature at Moon falls...with this drop 
in temperature, lunar rocks freeze, crack & 

release gases 


Next lunar eclipse 


next lunar eclipse of 
such a long duration 
will not occur before 
June 9, 2123 


during Blood Moon, random spots of heat 
appeared around craters...it opened a new 
field of study for scientists 


perfect alignment of Sun, Earth & Moon 
so that the Earth blocks the Sun completely 


Blood Moon occurs when 


the Moon is full & 


mum ET portion 
on the edges of umbra 


(+ Moon 


the Earth completely blocks the Sun 


simultaneous occurence of the both the conditions is very rare 


therefore, the occurrence of the Blood Moon becomes a rare phenomenon 


“Lunar Eclipse | 


Bad o iiio Said d 


* to design optical filters 

* in holography to produce 3-D images 

* to determine the wavelength of light 
precisely 

* to test the flatness & parallelism of 
plane surfaces 

* to determine the thickness of 
transparent thin sheets 

* to calibrate the standard metre in terms 
of wavelength of light 

* used to minimize the reflective losses in 
lenses & solar cells by coating them 
with thin films of magnesium fluoride & 

silicon oxide 


it is a phenomenon of restricting the 


vibrations of light in a particular direction, 
perpendicular to the direction of wave 
motions 


* in watches & calculator letter & 
numbers are formed by liquid crystals 
called liquid crystal display (LCD) 

* to reduce glare by wearing polaroid 
sunglasses with vertical transmission 
axis 

* polarization of scattered sunlight is used 
for navigation in solar compass in 
regions where magnetic compass is in 
operative 

* in CD Player polarized laser beam acts 
as needle to produce sound from 
compact disc 

* in the entertainment industry to 
produce & show 3-D movies 

* to avoid the dazzling light of a car from 

opposite side at night, polaroids are 

filled on wind shield 
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it is a phenomenon 


related with the 


superposition of two light waves 
it occurs when two light waves from different sources meet 


interferometer is a tool used to create an interference pattern 


the two sources of light 


should emit light waves 


of same wavelength 
& during the same time period 


the two sources of light should be located very close to each other 


the waves emitted by the two sources should have no phase difference 


e tourmaline crystal is a natural 
polarizing agent - the most 
commonly used polarizing agent 

* Nicole Prism is a man-made 

polarizing agent or polaroid 


it occurs when 
two light waves 


superpose with each 
other in such a way that 


crest of one waves falls on 
the crest of the other wave 


the resultant wave thus formed has the larger amplitude 


* made from quinine iodosulphate 
crystals, lined up in same 
direction in nitro cellulose sheet 

e trasmit light in one specific plane 

& absorb in perpendicular plane 


it occurs when 
two light waves 


superpose with each 
other in such a way that 


crest of one wave falls on 
the trough of the other wave 


the resultant wave thus formed will have zero amp litude 


streaks of coloured light on compact disc 
beautiful colours of soap bubbles & oil film on water 
beautiful colours on inner surface of Oyster shell & peacock feather 


bright/dark fringe on the screen is related to this phenomenon of light 


— xe oe so: 5 
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Optical Instruments 


* most astronomical telescopes use 
reflecting mirrors instead of lenses as 
mirror weighs less than a lens 

e ground-based astronomical 
telescopes suffer from blurred images 
& UV, x-ray, gamma-ray etc are 
absorbed by Earth's atmosphere 

* to Study these rays coming from 
astronomical objects, telescopes are 
mounted in satellites above Earth's 
atmosphere 

* NASA's Hubble Telescope is such a 

telescope 


. . Telescopic vision 


* if a 3-D object is seen through one 
eye, closing the other eye or through 
a telescope, the vision is called 
monocular or telescopic vision 

* only length & breadth are visualized 

& height is not visualized 


. Chromatic aberrations 


* defect in image due to light is called 
chromatic aberrations 
* defect in image due to optical system 


optical instruments 
are devices used to 


enhance an 
image for clearer view 


optical instruments process or analyse light waves 


these are used to obtain highly magnified images of objects 


it is used to see BSS OS PASOS 
converging lenses make things 
appear larger while diverging 


lenses give smaller images 


magnified image of 


a small object 


consists of convex lens of small focal length 


convex lens is known as the magnifying lens also 


it is used to see 


highly magnified image 
of a small object 


consists of two convex lenses of small focal length 


. . . A 
is called monochromatic aberrations astronomical telescope eae 
x ; telescope is used to 
* it has man es as spherical, s p 
à : Y YP P 1 í has two convex lenses see distant objects 
distortion, curvature & astigmatism | 
used to observe astronomical bodies Cap ge 
terrestrial bodies 
. terrestrial telescope * there are two types 
Spherical aberrations diee. 
= NEM UE T has three convex lenses EE 
* it is an optical problem that occu j ; 7 
rone used to see distant objects on Earth reflecting 


when all incoming light rays end up 
focussing at different points after 
passing through a spherical surface 
e spherical aberrations affect resolution 
& clarity 


reflecting telescope has 
one convex lens 
& one converging mirror 


Cockroach & frog have - it forms brighter image which is free from chromatic aberrations 


monocular vision 


the image can also be made free from spherical aberrations by using 


parabolic reflector instead of spherical 


COR e ee 
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Defects of Vision 


Vitreous 
Humor 


myopia is called 


short-sightedness 


vm Choroid 
Len Fovea or near-sightedness 
S 


Centralis ` 


4 


Comea __» reasons of myopia 


elongation of eye ball 


or excessive curvature in cornea 


person suffering from myopia cannot see distant object 


myopia can be corrected by using divergent (concave) lenses 


* it is the minimum distance between 
an object & eye to form clear image 
on retina 

* it is 25cm for normal human eye 

* in young age, it is 7-8 cm 

* in old age, it becomes 1-2 m 


.. Persistence of Vision : 


* impression of an image persists on 
retina for about 1/16th of second 

* if still images of many objects are 
flashed on eye @ 2 than 16/second, 
eye perceives the object as moving 

* motion pictures are based on it 


.. Colour of objects i 


* these are photoreceptors in retina 

* rods help vision at low light level 
(scotopic vision) 

* cones are active at higher light levels 

(photopic vision) & cones are 

capable of colour vision, rods are not 


hyperinetropia is called 


far-sightedness 


or long-sightedness 


reasons of hypermetropia 


EX eS 
EuT oes 
[Er ENESTEE 


eye ball becoming smaller 


or greater focal length of the lens 


person suffering from hypermetropia cannot see near objects 


it can be corrected by using spectacles with convergent (convex) lens 


in case of presbyopia in case of bifocal 

lens upper concave 
& lower convex 

are not clearly visible lens are used 


both near & far objects 


far point of eye of such person is < © and nearer point is > 25cm 
it can be corrected by using either bifocal lens or two separate spectacles 


one for myopia 


& one for hypermetropia 


astigmatism is it is the farthest 
an inability of eye 


point up to which 
= rae eye can see objects 
Blindness =c | in focussing in both clearly 


y 


D 


distinction of colours become impossible horizontal/vertical lines clearl 


in case of absence of some cones in 
the retina...such a person is called 


colour- blind it can becorrected by using cylindrical lens in a particular direction 


it is caused by irregular curvature of cornea of eye or lens 


ege ee or WEEREL 1 0l 0S 
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Red 


a colour we observe 


is the colour of light 


Yellow Magenta 


reflected from an object 


when light falls on an object, it absorbs some objects & reflect the rest ones 
eS EM E ^ 
assification of colours — 


x 


CHAUBET S E ROMS AES 


sa 


Green Cyan Blue 


rimary colours 


~ Colours. - Colours 


red, blue & green 


Black & White Objects 


e if an object reflects all colours, it will 
appear white in white light 
e if an object absorbs all colours & 
reflects none, it appears black 


cone cells of human eye can 
sense only the 3 primary colours 


secondary colours 


are produced by mixing of 


two primary colours 


Red object in mercury light complementary colours are two colours 


which when mixed together result into white colour 


Magenta & Green 


Red rose appears 
e red in white light as it reflects 


a red object appears black in mercury 
light as it is deficient in red light 


fecal f Rose red light and absorbs all other 
Objects in sodium light Vix id 1 15 an opaque colours 
in sodium light (yellow lights), white & an opaque object object e red in red light as it reflects 


yellow objects will appear yellow and 
all other objects will appear black 


red light 
e black in light of any other 
the colour/wavelength colour except white & red as it 
reflected by the object cannot reflect any other colour 


is determined by 


eE AAE = the colour reflected by an opaque object reaches our eyes 
A person behind a translucent object 
can get sunburn on a sunny day. Why? & this way, we determine the colour of such an opaque object 
translucent objects are semi- i 
transparent, some ultraviolet rays can 
escape through them 

its colour 


GAG Ap mn Ap Re Ap ate Ae through a transparent green 


glass, white objects appear 
green as only green light passes 
through it 


depends on the colour 


of light it transmits 


if red light passes through a transparent object, it appears red 


only some of light 


passes through the e frosted glass 


* some plastics 


translucent material 


the light is scattered when passes, so we can see clearly through such objects 


Theory 


Pigment Colour Primaries 
* Cyan * Magenta * Yellow 


Auroras 


* auroras are beautiful display of light 
in the sky 

e this phenomenon is called Aurora 
Borealis near North Pole and Aurora 


Australis near South Pole 


e the particles coming from space 
interact with various gases in Earth's 
atmosphere resulting in display of 
colourful lights in the sky; visible 
from the Earth 


of Colours 


a hot object emits light 


colour of auroras 


cosmic rays with 
atmospheric gases 


paints & dyes 
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of the colour which 
it has absorbed during heating 


this phenomenon of colour of heated objects is based on Kirchhoff's law 


depends on interaction of 


reflect light of 


Red/Violet/Blue 


they have pink, blue, green, yellow & violet colours 


aurora borealis occasionally have orange & white colours also 


Blue * Yellow — Green 


more than one colour 


blue pigment reflects blue, green and violet light 


yellow pigment reflects yellow, green and orange light 


mixing of yellow & blue pigments yields the green pigment 


on mixing both yellow & blue reflect common wavelength, i.e. green 


RGB Colours 


* RGB colours are primary colours 
of light 

e new colours are obtained by 
mixing the primary colours 

e this method is called additive 
colour method 

* by adding more colours, the 
result becomes lighter ending up 
as white 


* used to generate colours on a 
computer screen, TV etc 


CMYK Colours 


o) Yellow 


¢ subtraction of primary colours 
of light (RGB) from white 
colour yields cyan, magenta & 
yellow colours (pigment colours) 

* this subtraction colour method is 
used in printing process 

* mixing of primary pigment 
colours cyan, magenta & yellow 
yields black colour 

* mixing of pigment colours tends 

to get darker resulting into black 


Yellow/Green F 


e Spectrometer is a device 

scientists analyze the light 
properties of a substance through 
spectrometer and then determine 
information about it 

e is also used to collect 
information about space objects 
including their size & speed 


e Spectrometers have three parts 

one part produces spectrum 

e the other part disperses the 
spectrum 

e the third part measures the 
intensities of lines produced from 
the spectrum 

e different substances produce 
different light frequencies & 
patterns 

e using this scientists analyze 
unknown substances & materials 


laser is an 


artificially created light 
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- an uncommon light source 


Light Amplification by 
Stimulated Emission 
of Radiation 


laser is quite different from sunlight, light bulb or flash light 


it produces very narrow beam of light which has variety of uses 


natural light 


travels in waves 
different colours of light 


have different wavelengths 


in case of laser light 


all of the light waves 


laser produces 


have similar wavelengths 


a beam of light & laser beams 


very narrow & bright 


e military 

e medicine 

e industries 

e communications 

e precision tools & 
spectrometer 


light waves travel in peaks line up or in phase 


this is termed as a striking difference between natural light & laser 


can be focussed into a very tiny spot 


laser beams travel longer distances as laser light do not spread much 


flashlight produces 'white' 
light; a laser makes 
monochromatic light (of a 


single, very precise 
frequency & colour - often 
bright red or green or an 
invisible colour as infrared 
or ultraviolet) 


flashlight beam spreads 
out through a lens into a 
short & fairly fuzzy cone; 
a laser produces a 
narrower beam over a 
much longer distance 
(highly focused) 


light waves in a flashlight 

beam are all jumbled up; 
waves in laser light are 

exactly in phase (crest of 
every wave is lined up 
with the crest of every 

other wave), laser light is 

more unified 
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Characteristics of Laser 


COHERENCE 

light generated by laser is highly coherent... all the photons emitted in laser have 
the same energy, frequency or wavelength... because of this coherence, a large 
amount of power can be concentrated in a narrow space 


DIRECTIONALITY 

in laser, all photons travel in same direction so laser emits light only in one 
direction... the width of laser beam is extremely narrow, so a laser beam can 
travel to long distances without spreading 


MONOCHROMATIC 

monochromatic light means a light containing a single colour or wavelength... in 
laser, all the emitted photons have the same energy, frequency or wavelength... 
so light waves of laser have single wavelength or colour 


HIGH INTENSITY 

intensity of a wave is the energy per unit time flowing through a unit normal 
area... in laser, light spreads in small region of space & in a small wavelength 
range ... so laser light has greater intensity as compared to ordinary light 
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Evolution of LASER Technology 


Max Planck 


published his work 
depicting relationship 
between energy & 
frequency of radiation - 


energy could be emitted 
or absorbed in discrete 
chunks 


Einstein proposed 
‘Stimulated emission 
process'... that electrons 
could be stimulated to 
emit light of a desired 
wavelength... it sets the 
way for laser technology 


Townes of USA conceived 
the idea of MASER 
(Microwave Amplification 
by Stimulated Emission of 
Radiation) 


Microwave 

Cavity Storage 
gioi Bulb 
oo 
o 


o 
O, 
o ; 
Atomic 
Ta. of 
te} 


uses microwaves (typical 
MASERS could produce 


Entrance \ 


oa other wavelengths also) 
Aperture State 
W Selector suggested by C.H. 
Hydrogen Co Townes 
Discharge —2« c| 
A Hydrogen MASER 


in 1957, Gordon Gould 

became the first to coin 

the term LASER (Light 

Amplification by 

Stimulated Emission of 
4 Radiation) 


Bloembergen 


Nicolaas Bloembergen of 
Harvard (USA) developed 
microwave solid-state 
MASER 


Zeiger, Gordon & Townes 
demonstrated their first 
MASER... it was an 
ammonia gas MASER & 
was based on predictions 
of Einstein 


Switch 


uses light (often visible 
light, but infrared 
& UV also) 


the term was coined by 
Gordon Gould 


as suggested by Townes, MASER stands for Microwave 
Amplification by Stimulated Emission of Radiation 


A LASER Diagram 
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Evolution of LASER Technology 


Townes & Arthur 


Townes & Arthur L. 
Schawlow got patent for 
optical MASER which is 
now called LASER... with 
this LASER invention 
went into patent dispute 


T.H. Maiman developed 


LASER's first use in 
medical treatment... Dr. 
Campbell & Koester 
used ruby LASER to 
operate on retinal 
tumour 


Elias Sntizer 


Elias Snitzer became the 


first ruby laser with first to use neodymium 
cylinder of synthetic glass laser 
ruby... Maiman was a 
physicist 
Sorokin & Mirek 
Peter P. Sorokin & Mirek helium-neon LASER was 
J. Stevenson developed developed by scientists of 
four-stage solid-state Bell Labs... was developed 
Uranium LASER by Javan, Bennett Jr. & 
Herriott 
Argon-ion LASER, 
MASER Neodymium Glass Carbon Dioxide LASER 
LASER & Nd : YAG LASER 
YAG Laser. 
“is used in LASIK” 
gOS surgery 
| € LASER -a 
| Ruby LASER, U hydrogen chloride 
| uby ranium ing ent 
LASER & Helium-Neon exch aed 
LASER & GaAsP LASER 
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Evolution of LASER Technology 


GE, IBM & MIT 


the three developed 
Gallium-Arsenide LASER 
- converts electrical energy 


directly into infrared light 
l 65 
(eae R ol 
Yttrium Aluminium 
Y 
S 
3 


Soffer & Farland 
invented Dye LASER - 
a liquid-state LASER, 
can be used for much 
wider range of 
wavelengths 


Kasper 


Chemical LASER 
developed - a hydrogen 
chloride based LASER 


Garnet (Y AG) LASER 


| W. B. Bridges 


developed Argon-ion Neodymium-doped 


LASER - able to produce YAG LASER (Nd-YAG 
| output at several LASER) invented - ideal 
wavelengths (visible & for cosmetic applications 

UV) 


Titanium-Sapphire 


Dye LASER Quantum well LASER 
LASER 
S 


Quantum dot 
Free Electron LASER 


emiconductor LASER LASER 


“g 
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Evolution of LASER Technology 


Alferov & his team 
developed continuous- 
wave room-temperature 
semi-conductor LASER 


Faist & team developed | 
Quantum cascade (QC) 
LASER which can emi 
light simultaneously at 
multiple & separated 
49 wavelengths... 
Ledentsov & team 
developed Quantum 
Dot LASER 


"i 
i. 
invented Quantum well P. 
e 
N 
3S 


Moulton 


P.F. Moulton developed 
Titanium-Sapphire 
LASER - more efficient 
than Dye Lasers & 
replaced those 


LASER - more efficient 
than Diode LASERS 


J.M.J. Madey developed the 1st commecial 
Free-electron LASER installation of fiber optic 
(FEL) - uses beam of lightwave communication 
electron accelerated to system 


near light velocity 


Pulsed Atom 


LASER Silicon Raman Single Atom LASER 
LASER 


World's most 
owerful S 
Electrically Powered aes S 
GaN LASER 


Hybrid Silicon 
LASER 
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Evolution of LASER Technology 


Ketterle 


Wolfgang Ketterle 
developed Pulsed Atom 
LASER - uses matter 
instead of light 


(€ 
Nakamura & his team 


British & Czech 
scientists developed 
world's Super LASER - 
the most powerful pulse 
laser 


Blatt & Schmidt 


developed Single Atom 
invented Gallium-Nitride LASER with the strength 
(GaN) LASER - emits of atom 
bright blue violet lights in 
pulses 3 
N, 

demonstrated Silicon developed electrically 

Raman LASER - operates powered hybrid silicon 

at room temperature & LASER - led to low cost 

can be directly modulated technology 

to transmit data 

eye surgery by CO 2 ight by 


laser 


1980 


Optical Molasses Cs) laser 
First Optical Fiber cooling technique) to study 
the behaviour of atoms 


LRO - Lunar 
a Reconnaissance 


Orbiter 


ON launched LRO 
which uses laser to collect 
data about high & low 
points on Moon 
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Types of Laser 


Flashtube 
GRRE eee 
laser are classified 
on the basis of gain media 
Laser Output 
f MAN used to construct lasers 
s NV on this basis, a laser can be either 
NS Fully Partially high-density gain media laser 
Reflecting Reflecting l l R 
Mirror Mirror or low-density gain media laser 
=- Solid-State Laser — on the basis of media, laser are sub-divided into solid, liquid or gas lasers 
DC Power Supply 
i Output j i 
Flashtube Coupler in solid-state laser 


is a process whereby 
impurities are added 


solid is used as 


to a host material... 
such impurity 


a laser gain medium 


glass or crystalline materials are used in these lasers elements are called 
: EN. ; cues . dopants 
Mirror a dopant is added to host materials in solid-state lasers 
RA Brewster g : 
Window cerium, erbium & terbium are some commonly used dopants 
Capillary Tube Pump 


light energy is used as a pumping source in all solid-state lasers 


Liquid-state (Dye) Laser 


flashtube/flash light are used as light source & are called laser diodes 


ruby laser with ruby crystal as gain medium was the first solid-state laser 


DC Power Supply 


Anode transfer of energy from an 
external source into the 
gain medium of a laser is 


called pumping 


Cathode liquid-state laser 


uses a liquid 


as a gain medium 


such a medium is used to produce laser light 


Helium-Neon Gas 


Hi : 
gh Mixture Output 


Reflector 


Glass Tube 


dye laser is an example of such a liquid-state laser 


Coupler : Diese : : . ; 
P in dye-laser, a liquid organic dye is used as gain medium 


in gas lasers 


Transversely Excited 
gain medium remains Atmospheric Laser 


i j 
Argon-ion Laser 
Boce mus | 


in gaseous state 
various gases are used a gain medium in this 
choice of gas is determined by the efficiency expected 
laser light is produced by passing electric current through the gas 


is used where more coherent laser light with high beam quality is required 


>i? 
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Types of Laser 


nm 
ruby laser is nanometer 
a solid-state laser SS 
Ves f is a crystal of 
produces visible light 


aluminium oxide 
(A1203) 


S 


thetic ruby crystal is used as a gain medium in this 


chromium oxide (C03) is used as a doping agent in this laser 


in ruby laser, chromium ions act as active centre & produce the laser 


ruby has good thermal properties & deep red light of wavelength 694.3 nm 


it is a solid-state laser Eo Mn oe 
| HE ; Neodymium-doped 
Hac oe leet! h where Nd:YAG is 
Excitation Source/ of Laser . 


Yttrium Aluminium 
- Garnet 
Pump used as a medium 
Nd:YAG laser consists of a four-level gain medium 


this type of laser emits infrared gain light of 1064 nm range 
Reflecting Mirrors/ 


Resonators 


it emits laser lights at wavelengths of 940, 1120, 1320 & 1440 nm 
Nd:YAG laser has wide applications in medical field like LASIK surgery etc. 


efficiency of Nd-Y AG laser is about 10 times higher than that of the Ruby laser 
Lasers differ from one another in terms of 


UV —— 
PAPERS dye-laser is a ultraviolet um is active 
d centre in Ruby laser 
E j liquid-state laser & Neodymium in 
ctive/Gain Pumping ; ; Nd:YAG laser 
AER Pees dye as gain medium 
an organic dye is used as a laser medium in this 
dye lasers emit wavelengths from UV to near infrared Dye lasers 
A are costlier 
the wavelengths emitted are in the rage of 390 nm to 1000 nm 
? D. these lasers are mostly used as a research tool in medical applications 
_ desermus, - pical solvents for laser dyes are eth i i i 
i oe anol, p-dioxane & dimethylsul 
l atleast, be a 3 JNDTENST 2 yisulfoxide 
(o 3level system, —- zi 
\ in 2-level system — Shoat v ONERE AU 
* lasingisnot > ' inl hnol i 
m helium-neon laser Ear gmology, gain 
possible 3 medium is a medium 
"d called HN Laser that amplifies the 
: ower of light 
= is a gas laser E eh 


in this mixture of helium & neon gas is used as a gain medium 


HN Laser is less prone to damage by overheating, so can run continuously 


to create 
holograms of large 


objects 


used in 
bee for removal of high-speed 
tatoos & cosmetic photography 
` dermatology 


Applications 
of Ruby Laser 


Be to target objects 
for removing skin P > Æ = for attacking & laser 
cancers A 77^ range-finders in 
1 military 


é to remove 
for drilling ~~ cloud membrane in welding 
holes in solid | — eye that occurs io of metals & 
objects os after cataract alloys 
surgery 


Applications of Nd:YAG Laser 
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Applications of Laser in Medicine 


= for bloodless 
to remove = NUR UE 
decayed portion = He TS 
of teeth = ying 


kidney stones 


in cosmetic 
treatments like 
hair removal, 
acne treatment 


in cancer 
diagnosis & 
therapy and to 


& cellulite remove tumours 
removal 
Hn "nnn dn 
to Study 
internal : 
PETER for correction 


of curvature 
of eye lens 


cells & micro 
organisms and 
to create plasma 


in endoscopy 

- in fiber optics 
endoscopes to detect 
ulcers in digestive tract 


for treatment of 


various diseases z 


of liver & lungs 


Applications of Laser in Communications 


in underwater in optical fiber communications to send in space communications, 
communication networks information over larger distances satellites & radars 


eet ak > ae ETE ee 
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to cut glass & quartz 
and to drill aerosol 
nozzles & control 
orifices with 


precision in electronic industry 


for trimming the 
components of 
integrated 
circuits 


in semiconductor 
industries for 
photolithography 


Photolithography 
is a method used for 


manufacturing 
printed circuit board 
and microprocessor 
by using UV light 


to scan bar codes to 
collect information 


regarding prices etc. 
for heat treatment in 


automotive industry 


Applications of Laser in Military 


to dispose off the 
energy of a warhead by 
damaging the missile 


as a secretive 


for measuring very small 
illuminators for 


angle of moving objects 


exploring during night - ring laser gyroscope is 
with high precision used for this 
Gyroscope , LIDAR 
is a device with a Light Detection & 
SE a Ranging... is a 
missiles use remote sensing 
gyroscopes to track method that uses 
& guide their light in the form of 
AT to determine the in LIDARs to measure pulsed laser to 


distance of an object the distance accurately measure distances 


Cuz CI MC ai iia ei ia am LI 
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Applications of Laser in S&T 


01 
in computer printers & in 
computers to retrieve stored 
information from a Compact Disc 
(CD) & to store large data on CD 


02 
for detecting earthquakes & 
underwater nuclear blasts 


03 
for producing 3-D pictures in 
space without the use of lens 


04 
to count number of atoms in a 
substance 


with helium-neon 


laser scientists have 

proved that velocity 

of light in same in 
all direction 


06 
used to measure 
pollutant gases & 
other contaminants 
in atmosphere 


accuracy, the rate of} 
‘rotation of the Earth 


07 08 
to determine, with helps in studying 
the Brownian 
motion of particles 


Ending Point 


Starting Point 


09 
a gallium arsenide 
diode laser is used | 


to set up an 
invisible fence to 
protect an area 


Light 
Emission 
Depletion 
Region 


Sa ea ee 


Laser in Space 


ISRO is developing 
a light aircraft using 
laser propulsion for 
interplanetary 
mission 


this would enable 
travel to near planets in 
minutes or neighbouring 
galaxies in matter of 
years 


* is an artificial star 

* itis created with narrowband sodium 
laser 

* guide-star is created in Mesosphere 
of the Earth's atmosphere 

* the Star has its own advantages 


* guide-star twinkles & waves in the 
same manner as a real star as some 
target object nears it 

* it is good to avoid atmospheric 
turbulence that distorts ground-based 
telescope images 


* the coldest layer of the atmosphere 

* temperature inversion (fall in 
temperature with increase in height) 
Occurs here 

* noctilucent clouds are formed here 

* meteors vaporize in this layer 


* National Aeronautics & Space 
Administration 

* Two Independence Square is the HQ of 

NASA in Washington D.C. 
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NASA's GRACE-FO 
uses LRI technique 
to measure distances for measuring 
distances 


laser is used 


between two spacecraft 


it is done with the help of Laser Ranging Interferometer (LRI) 


i Gravity Recovery & 
laser is used in Climate Experiment 
- Follow-On 


space collision avoidance systems 


to avoid collisions in space 


this is one of the pretty remarkable space application of laser 


laser technology is used 
to vaporize rocks 
on other planets like Mars 


this is to analyse rocks for identification of their components 


NASA's Mars Curiosity rover uses this method to study rocks on Mars 


application of laser Active Sensing of 


f : - CO; Emissions of 
is found in tracking Nights, Days & 


objects in space Seasons 


guide-star technology is used for the purpose 


this method is being practised by US defence forces 


laser-guide-star adaptive optics of NASA helps in this 


ASCENDS is to measure 


is due to be launched 
by NASA in 2022 


emission of CO? 


in Earth's atmosphere 


this laser-based approach will enable observations day & night 


to clear space debris in orbit around the Earth 


to enhance the capabilities of data transformation 
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DEWs 


LASTEC 


DEWs are called DEWs 
are weapons of 
LASTEC has developed : laser-based future wars 


Directed Energy Weapons 


COIL - Chemical Oxygen India's DRDO has made a breakthrough in DEWs 


Iodine Laser 


- uoijp42do fo basy 


«Sojoui22 [ 425p] uo YIADISAY 


Gas Dynamic Laser under 
Project Aditya 


DEWSs are 


Laser Science & 
Technology Centre 


going to change 


warfare in future 


high powered lasers are used in DEWs 


such weapons can destroy well in advance 


* was set up in 1958 
* it is a network of 54 laboratories 


enemy's missiles, aircraft & advanced 
weaponry based on electronic circuitry 


* it is engaged in developing defence 
technologies in India 

* it works under Ministry of Defence 

* has its HQs in New Delhi 


such weapons produce a beam of concentrated electromagnetic energ 


Centre for High Energy 
Systems & Sciences 


India's DRDO 


-Challenges in developing DEWs _ 
* so far, India does not have its own 
source of laser 
* developing lens for a precise focus 
* developing a cooling mechanism for 
the system as it heats up when the 
laser beam is fired 


'^.. Microwave Weapons 


e it is one type of DEWs - the other is 


such systems 


laser mounted system has been tested in India 


DRDO has conducted successful test of this system 


a 1 KW laser weapon system mounted on a truck was tested 


India does not have source of laser, it is imported from German 


CHESS & LASTEC are working to develop the source of laser in India 


both are DRDO 


DEWSs are 


laser weapons m f 1 laboratories based at 
* can be used for countering missiles anti-personne Hyderabad & Delhi 
fired by the enemy as they may cause respectively 


* these weapons can be used as anti- 
personnel as well as anti-material 


blindness or intolerable 
burning on an area in the bod 


they are anti-material - can destroy UAVs, missiles & ships 


UAVs 


: 4 Unmanned 
pes - high powered lasers & microwaves Vehicles 


two 


India's having microwave weapons is not confirmed 


———————.w — — —— 
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LIDAR 


4 Parts LIDAR is a 


of Airborne , remote-sensing light emitted by 


LIDAR method which stands for LIDAR system is 
called 'pulse' 


Light Detection & Ranging 
it uses light sensors to measure distance of a target object 


Airborne LIDARs are commonly used LIDAR uses UV, visible or near infrared source to sense objects 
for acquiring data over broad areas TIER 
distance between sensor and target object is measured by pulse & return 


P AA dde 
D 


LIDAR Sensors riparian ecologists pE TETI 
scan the ground from side light reflected 
to side with a pulsed laser use LIDARs to from the object is 


beam called 'return' 


delineate stream models 


tributaries of a river are mapped LIDAR-derived DEM 


foresters 
DEM 
LIDAR is used Digital 
Part-II : Elevati 
GPS SE for better understanding of d 
track altitude & location j forest structure & shape of trees 


Of aic planta atlas ; light intensity is used in distinguishing features in land use/cover 
\ accurate terrain elevation / | 


self-driving cars 


LIDAR is used in 


self-driving cars 


LIDAR scanners detect road signs & obstacles in such cars 


archaeologists use LIDAR to find subtle variations in elevation on the ground 


ue rr, 


inertial measurement units 


Y to track the tilt of airplane 


as it flies for more eee ^ ; LIDAR 
topographic LIDAR is a distance 
technology 


maps land typicall 


using near infrared light 


bathymetric LIDAR 
uses green light 
Data Recorders . can better penetrate 
compera recon AR ae / to measure sea floor elevations P 
ABE TIDAR S MEN / deeper waters 
NES Bran ine / terrestrial LIDAR because of their 


surface 


shorter wavelength 


is used for mapping 


buildings, trees & natural features 


terrestrial LIDAR is also useful for 3-D models of heritage sites 


Eno. w-» ees 


Esencia : Science & Technology 


Understanding LIDAR Applications 


used to determine properties 
of objects like clouds, rain, 
rocks, aerosols etc. 


by crew members of space 
shuttle to look for damage to 
exterior of shuttle 


in 1994, NASA's LITE 
was the Ist to use LIDAR 
system for atmospheric 
Studies from space... to 
measure Earth's cloud cover 
& various kind of particles 
in atmosphere 


application of LIDAR may 
revolutionize agriculture 
by guiding farmers for 
optimum utilization of 
land & allocation of 
resources on the 
i me best sections of 
RS y i jand 


in geomorphology, 
LIDAR is used in 
determining slope, deeps & 
other physical features of 
land 


in assessment of forest 

wealth like tree density, 

nature of vegetation & 
height of trees etc. 


to measure speed of wind by 
measuring frequency shift in 
aerosol backscatter...Doppler 
Radar is useful in this 


environment protection in 
determining various gaseous & PM 
pollutants in the air; size of glaciers & 
level of water in oceans... to 
determine concentrations of particular 
gas in environment... Raman LIDAR 
is helpful for this 


LITE 


LIDAR-in-space 
Technology 
Experiment 


Esencia : Science & Technology 


Measuring Canopy Height using LIDAR 


3rd Return 


4th Return 


Laser Pulse 


1st Return Height - 5th Return Height = Height of Canopy of Tree 


LIDAR Intensity Sonar, Radar & LIDAR 


LIDAR intensity is the 
percentage of light 
reflected 


Sonar uses sound waves 


uoi]2aja4 fo 224nos əy; uo spuadap 
1431] pa122jf24 fo uouisoduio2 


dou 0) pasn 24D 2241] 2] 


it is used to determine 
the type of vegetation & 


land use patterns LIDAR uses light waves 
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LASIK Surgery 


Refractive Error 


LASIK surgery is a 


it is referred to a 
mismatch in cornea 
& lens in human eye 


vision correction procedure 


with the use of excimer laser 


YO BUISTU SU2[-E2U102 


releci e eter leads LASIK is an acronym for 'laser-assisted in-situ keratomileusis' 
to blurred vision at 


some location 


LASIK surgery can be performed on persons above 18 years of age 


it reshapes the 


= LASIK surgery 
Myopia curvature of cornea permanently changes 


to correct a person's vision theishape.of comes 


e problem of nearsightedness... in this 
mismatch in focusing power & eye length 


causes distant objects to be blurry 
* it is corrected by flatenning the cornea 


LASIK laser surgery 


is used to 


e Stable vision 
improve vision e normal cornea 


e > 18 years of age 


6) 


Hyperopia 


correct refractive errors 

e problem of farsightedness....in this reduce or eliminate need of contact lenses 
mismatch in focusing power & eye length 
causes near objects to be blurry 

e it is corrected by steepening the curve of 
the cornea 


refractive errors of eye include myopia, hypermetropia & astigmatism 


personalized laser 
treatment for each 
eye can be created 


Pm 


ks >) 
Astigmatism 


e corneal or lens shape is distorted, causing 
multiple images on the retina... objects at 
all distances appear blurry 

e it can be corrected by smoothening 


irregularity 


is called 
Hyperopia also 


can correct most levels of myopia, hypermetropia & astigmatism 


Presbyopia 
Natural lens in human eye accommodates 
focus according to the distance of an object; 
with ageing natural lens loses this ability; 
this condition is called presbyopia 


its results vary from person to person 


LASIK can make some aspects of vision worse 


risk of excessive corneal weakening after surgery 


Laser in India 


LED 
light emitting diode 


emits visible light when an 
electric current passes through it 


in most LEDs light is 
monochromatic, i.e. occurs at a 
single wavelength 


Laser Internet 


* in this, internet is provided through 
FSOC Boxes 

* boxes are kept kilometres apart on 
towers or rooftops 

* signal is beamed directly between the 
boxes with the help of laser 


* uses laser beam & produces an image 
on a drum 

* it works like a photocopier works 

* semiconductors lasers are used in 
laser printers 

* [BM brought 1st such printer in 1975 


Semiconductor Laser 


* it is a device which causes laser 
oscillation by flowing an electric 
current to semiconductor 

* in this, light emission mechanism is 
the same as in LEDs 

* is used in laser printers 


Infrared cameras are used 
in laser walls 


India is deploying laser walls on 
Indo-Bangla border also 
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India is deploying 
laser-wall fencing BSF guards India's 
along Indo-Pak border border with Pakistan 
E in J&K, Punjab, 
a laser wall is an invisible wall to bolster securi Rajasthan & 


it detects objects & sets off a siren in case of a breach Gujarat 


Border Security Force is deploying such walls along border 


laser walls are to plug porous terrain & keep vigil against intruders 


laser internet i 
c Free Space Optical 


of internet Communications 
Technology 


the delive 


with lasers 


the project is in progress in Andhra Pradesh 
the laser internet technology is called FSOC technology 


laser light will replace cables to deliver internet over long distances 


IR 
infrared : 
a Stealth system Laser Science & 
developed by Technology Centre 
LASTEC of DRDO 


the system is the first-of-its-kind laser system 
it makes warships capable of evading laser & IR guided weapons 
LACSMI is an acronym of (Laser Cross Section Measurement & Imaging) 


the system measures laser signature & generates 3-D images of strategic objects 


high-powered lasers 


NPP 
are used for Nuclear Power 
material processing Programme 


in nuclear programs 
Nd:YAG lasers are in use in India's nuclear reactors 
lasers are used for remote diagnostics for nuclear operation 
lasers are used for cutting, welding, decanning of rejected fuels etc. 
laser is in use in uranium analyzers, scan guages & underwater inspections 


development of laser systems for nuclear decontamination is under p rogress 


Se a S 
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Electricity 


6. 


ZOOG IT 


Working of a Photocopier 
electricity is 


the motion of 


charged particles 


is either static or dynamic (current) lightning 


electrici 


is like static electricity 
where huge static electric 
sparks jump from cloud 
to some object on the 
Earth or from cloud to 
the electrons are cloud 


in Static electrici 


at rest (Static) 


image of the page to be copied is 


projected on to positively charged plate in this, no current flows as in AC or DC electrici 
Static electricity is generated by friction or sudden contact 


it is the electric charge that builds up on surface of substances 


p electricity is generated 
where light falls on the plate, electrical 


charge leaks away when two substances 


are rubbed against each 
other or come in sudden contact 


one of the two substances loses electrons, becomes positively charged 


& the other substance which gains electrons, becomes negatively charged 


therefore, electrons transfer this way and the charging of bodies takes place 


parts of the plate that are still charged 


attract negatively charged black powder charged/electrified bodies can attract other substance like hair & bits of paper 


Static electricity is used in 


earthing of metal appliances 


the black powder is transferred from the cleaning of air with an electrostatic precipitator 


plate to a sheet of paper 


it is used in photocopiers, inkjet & laser printers and crystal microphones 


Examples of 
Static electricity 


a spark of electricity 


spark form synthetic 
clothes is due to this 


could ignite 


charge acquired by glass 
rod rubbed with silk cloth 


paper is heated to melt toner & make | 
black powder stick permanently to it 


flammable gases & 
cause an explosion 


on touching something with a large electric charge on it, 
charge flows through the body & causes an electric shock 


A |. | 
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Current Electricity 


zê. 


| Current 
Series & Parallel Connections 


electricity is a 
versatile source 


current electricity 


M refers to of energy scalar quantity has magnitude 
vay constant flow only whereas vector quantity 


has magnitude & direction both 


M 


Resistors can be connected 
* in series or 
* in parallels free electrons move from one region of the conductor to the other 


of electrons along a path 


the path may be a conductor - copper, aluminium etc. 


SERIES CONNECTORS 


electric current is 


Ammeter 
an instrument to measure 


current...it Is connected in 
series with the circuit 


the rate of flow of 
electric charge 
it is a scalar quantity & measured in Amperes (A) 
it is the number of electrons passing a given point in a second 


in series connection, total electrons travel in direction opposite to that of the electric current 
resistance of combination is equal 
to the sum of individual 
resistances 


Ohm is 
chain of small bulbs in Deepawali it is the difference the SI unit of is the unit of potential 
auem hes the bulbs : ; : resistance difference/tension...it is 
E in electric potential measured by Voltmeter; 


connected in series 


TD Ere a E, aia yie ie D between two points 
in series, if one light bulb goes off, 


all other bulbs also become off electric potential difference is called Voltage (V) also 


Volt is a scalar quantity 


electrons move in a conductor due to this potential difference 


metals & alloys have low resistivity, so 
they are good conductors of electricity; 


PARALLEL CONNECTORS 


2 3 4 it is the property insulators like glass, hard rubber, diamond 
[ € [*T*| Ohm's law : have high resistivity 
" potential that resists the 
= iE R1 t E aierente flow of electrons a 
i f a uniform 
> > | > across the : resistance 0 
8 5 ends of a in a conductor metallic conductor is directly 
À resistor is resistance controls the magnitude of the current proportion to its length 
in parallel connections, reciprocal directly 
of combined resistances is equal to proportional more resistance means poor conductivity & vice versa 
the sum of reciprocal of individual A E t : 
P to current resistance & resistivity of a material vary with the temperature 
resistances flowing 
Seen ia O household through it, conductors tend to increase their resistance with increase in temperature 


circuits are connected in parallel provided its 
eea a SoS a a a temperature 


switches can be used in each remains resistance of a conductor depends on 
branch of parallel circuit same 


but insulators tend to decrease their resistance with increase in temperature 


its length & cross sectional area 


& nature of material of the conductor 


o SS Se er 


TRANSFORMER 


* is a device that transformes electrical 
energy from one circuit into another 
* is used to step-up or step-down voltages 
from high voltage transmission lines to 

appliances in homes 
* it is based on electromagnetic induction 
* can be used in case of AC only 
* it is found in many electronic devices 
such as TV & mobile phones 


that are used to amplify current 
* they are made of silicon & 
germanium 
* can be used to amplify current 
* example: microphone 


* devices that store electric energy in 
the form of electric charge 

* consist of two conducting plates 
separated by a thin insulating layer 


* unit of capacitance is Faraday 


magnetic field which is produced in 
response to an electrical current 


changing currents, i.e AC 
e unit of inductance is Henry 


in our houses we receive AC electric power 


of 220 V with a frequency of 50 Hz 


Transistors 


* are solid-state semiconductor devices 


* block DC current & allow AC current 


: Inductors (choke) 


ACA 
* are conductors that store energy 1n a 


* allow DC current but oppose rapidly 
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direct current 
is called 


DC also 


DC is unidirectional 


F ; ; ; Radios & TVs 

it flows in one direction only : à 
have a special device 

radios & televisions need DC supply which changes the AC 


supplied to them into DC 


Generators 
can produce AC or DC current... 


both AC & DC can be used for 
lighting & heating purposes 


alternating current 


is referred to 


as AC also 


it flows in two opposite directions alternately 
electric current supplied to our homes is alternating current 


alternating current can be converted to DC by using AC/DC converter 


AC can be transmitted over long distances without much loss of ener 


1 kilowatt dors 
it is the is equal to 1000 iren e 
rate at which watts m 36x 
10 joule 


energy is consumed 


in a circuit 


the SI unit of electric power is Watt (W) 


l 
Horse Power 


though in actual practice, larger unit kilowatt is used 
= 746 watts 


electrical energy = 


ower x time; so, it is expressed in watt hour 


commercial unit of electrical energy is kilowatt hour (kWh), called 'unit' 


are used to increase 


Ax cm are used to decrease 
It 15 transmission 
voltage at power 


of electricity from plants 


voltage before being 
delivered to customers 


power station to consumers 
electricity is transmitted through set of wires (conductors) 
some electrical energy is lost as heat when it travels through wires 
the loss depends on the magnitude of current - low currents, less loss 
to produce the low currents, the transmission voltage has to be increased 


to prevent energy loss, transmission wires are made of copper and aluminium 


EM JI qc c 
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Electricity - 
its heating effects 


Heating Effect 


heating effect of an electric current 
depends on the following: 

e resistance of conductor - higher 

resistance produces more heat & vice 


when electric current 


passes through a conductor 


some amount of electrical 


versa A 
e time for which current flows - the longer energy is converted into heat 
inc ure thie larger will be the heat it is called 'Joule heating! or 'Ohmic heating’ or 'Resistive heating’ 
produced 


* amount of current - the higher the below are given the applications of heating or thermal effects of current 


current, the larger will be the amount of 
heat generated 


Colour of Electrical Wires 


* live wire is covered with an 
insulation of red or brown colour 

* neutral wire with an insulation of 
black or blue colour 

* earth wire is covered with an 
insulation of green or yellow colour 


light is produced 


in electric bulbs 


A eoe by Joules heating 
Short-circuiting 
Tungsten metal is used for making filament of electric bulbs 


* low resistance connection between 


two conductors supplying power 
* it results in excessive current flow & at 2500°C Tungsten filament becomes very hot & starts emitting light 


it is so because Tungsten has a very high melting point of 3380 C 


may destroy the power source 
* it happens when live wire & neutral 
wire come in direct contact 


Why argon or nitrogen is used in 
electric fuse an electric bulb? 
* they are inert (non-reactive) gases 


i SEEE e both reduce evaporation of the 
i Overloading A ; . 
safety device tungsten wire 


* flow of large amount of current in 
circuit beyond permissible value 

* it occurs when many electrical 
appliances of high power rating are this way electric fuse protects household wiring & appliances 
connected in a single circuit " 

* this high current may cause fire 


fuse wire is made up of metal of suitable melting point 


electric fuse melts with excessive heat & the circuit breaks 


ra 


Why tungsten is used as filament? 
* high melting point of tungsten 


Fluorescent lamps 
when switched on mercury vapour in 
the glass tube emits UV radiations 
& causes powder in tube to glow.... 
different powders produce 
different colours 


e its high flexibility & low 
evaporation rate at 
high temperature 


used now-a-days 


place of fuses 


MCB switches off automatically when 
current increases beyond a safe limit in a circuit 


Esencia : Science & Technology 


Magnetic Effects 


of Electricity 


Electromagnets vs. Permanent Magnets 


* electromagnets are temporary magnets 
which demagnetize when current stops 
passing, permanent magnets cannot 
be demagnetized easily 
e magnet field of electromagnets is strong 
& it is weak in permanent magnets 
* polarity of electromagnet can be 
reversed by reversing the direction of 
electric current in solenoid 
* soft iron is used to make electromagnet; 
hard Steel, alnico, iron & nipermag are 
used to make permanent magnets 


Human & Magnetic Field 


* heart & brain of human body 
produce magnetic field 

* magnetic field inside human body 

forms the basis of getting images of 

different parts of the body through 

MRI technique 


* a solenoid is a coil made up of many 
turns of an insulated copper wire 
closely wound in the shape of a 
spring 

* a current carrying solenoid behaves 

like a bar magnet 


-~ Electromagnetic induction 


* is the production of induced current 
in a coil placed in changing magnetic 
field 

* has many applications in inductors, 
transformers, electric motors & 


generators 


an alloy of 
aluminium, iron & 
titanium 


an alloy of 


aluminium, nickel & 
cobalt 


electricity & 


e carrying current in same 
direction attract each 
other 
e carrying current in 
opposite directions repel 
each other 


magnetism are 
linked to each other 


when a current passes through a wire, 
a magnetic field is set up around the wire 


a wire 
magnetic field is carrying current 
behaves as a 
the influence of force magnet 


surrounding a magnet 


it is Stronger near the wire & decreases as we move farther 


MRI 
etic "ne E 
: Magn it is a system of train 
a soft iron Resonance ; 
EN s transportation that uses two 
bar placed inside Imaging 


sets of magents...with Maglev 
technology, train travels along 
a guideway of magnets 


a current-carrying 
solenoid becomes a magnet 


called electromagnet 
Tesla (T) 


is the SI unit 
of magnetic 
field 


these are fitted in cranes to lift heavy iron objects 


they are placed in various devices like TV, electric bell, 
telephone receiver, microphones, radio set, loudspeaker etc. 


AC & DC Generators 
AC generator converts 
mechanical energy in the 
form of AC & DC generator 
converts it in the form 

of DC 


it is a device 
used to convert 


mechanical energy 


into electrical energy 


it works on the principle of electromagnetic induction 


it converts 


electrical energy Current produced from a dynamo 


into mechanical energy is used to light up a bicycle lamp 


electric motor uses electromagnetic phenomenon 
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Super- 


74. Conductors 


Semi- 


the resistance of these 
substances becomes exactly 
'0'; but all these materials 
require cooling by 
expensive cooling agents 
such as liquid helium or 
liquid nitrogen, making 
them impractical; the race 
on for a room temperature 
superconductor 


"& conductors 


have large number of free 
electrons & small 
SSMUS PCS have no free electrons & 
very high resistivity; 


have few free electrons 
& greater resistivity as 
compared to metals; 
resistivity decreases with 
rise in temperature like 
in case of silicon, 
germanium etc. 


ideal conductor is '0'; 
resistivity of metals 
increases with rise in 
temperature & vice versa 
in non-metals; resistivity 
of alloys is more than that 
of the constituent metals 


resistivity of ideal 
insulator is infinite & 
decreases with rise in 
temperature; examples - 
mica, rubber, fused quartz, 
china clay (porcelain) 


Maximum temperature up to which resistivity is 'zero' is called critical temperature 


Applications of Superconductors 


Medical 
in MRI scans - 
powerful tool for medical 
diagnosis; to generate images of 
body tissues 


Defence 
superconductor electronics can 
dramatically enhance anti-ship 


missile defence radars EROS URS Ens 
| epee} SQUIDs; High Speed 
Waa: ane Computing; Sensors; 
Filters 
Electric Power 
fusion energy; transformers; magnetic Transportation 


energy storage; generators; motors; 


aM à à 
power cables in Magnetically levitated 


trains; Marine Propulsion 
(motors); Marine Propulsion 
(magnetohydrodynamic) 


Physics 
particle accelerators; plasma/ 
fusion research; magnets 


SQUIDs 
(Superconducting Quantum Interference Devices) 
These are used to detect even the weakest magnetic field...are used in mine 
detection equipment to help in the removal of land mines 


mu aU HE a recepi 
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Electric Lamps 


Glass bulb 


the bulb 


Inert Gas 
Tungsten works by f 
Filament Thomas Edison 
: incandescence the person who discovered 
Contact wire 


: RT : incandescent bulb 
it emits light by heating the filament 


Electrical Foot NF. Insulation ; : 
n filament 
Contact ———-- incandescent bulb contains tungste 


filament heats up with electric current & produces light 


Incandescent Bulb it is the 2nd most used lamp in the world after fluorescent lamps - 


Why Tungsten filament is incandescent bulbs are not energy efficient, it takes more energy to heat it 


used in incandescent bulbs? 


* filaments are made from materials 
having high melting point; 
Tungsten has very high melting 
points, it can reach up to 3422°C 
before it melts 


itisa 


high intensity 


gas discharge lamp 


it uses an arc through vaporized mercury 
in a high pressure tube & produces a bright light 


in incandescent bulb 


* about 90% energy goes for heating 
the bulb & only 10% makes visible light 
* argon, at low temperature, is used as 

inert gas 


these lamps were the first high intensity discharge lamps 


fluorescent lamps 


use phosphorus 
excited by electrons 


to produce light 
rem api Fluorescent Tube these are energy efficient & are best for indoor lighting 


fluorescent lamps work by ionizing mercury vapour in a glass tube 


Supply Voltage this produces UV light which is converted into the standard visible light 
ae ee 
Fluorescent Light 


ent 
directly through phosphor to produce 
light; it is the non-thermal conversion 
of electrical energy into light energy 


Electroluminescent 


O Hot Cathode 


Cold Cathode O 


Three types of fluorescent lamps 


Cold Cathode 
unlike cold cathode lamp, Fluorescent Lamp 


it is electrically heated by a filament 


hot cathodes are used in lamps, electron microscopes, vacuum tubes etc. 


— s 
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Nobel Prize for discovery in the 


field of LEDs 


Isamu Akasaki, Hiroshi Amano 
& Shuji Nakamura won the Nobel 
Prize in 2014 for the discovery of Blue 
LED. It led to an environment-friendly, 
low energy source of light 


Electrons 


Layer- Holes 


Light 


LED 


A light-emitting diode consists of multiple 
layers of semiconducting materials; 
electrons from negative layer & 
holes from positive layer are 
drawn to the active layer by 
electrical voltage where 
they combine & 

emit light 


though LEDs do not have mercury like 
CFL lamps, but they contain harmful 
components like lead & nickel; but 
the positivity is that they can be 
recycled 


LEDs are 


semiconductor devices 


that emit visible light 


LEDs produce light when current passes through them 
a set of small bulbs (without filaments) is used in LED lights 


small bulbs which are fit into an electric circuit are without filament 


: LEDs 
unlike ordinary bulbs Light Emitting 
LEDs do not have Diodes 


filaments to burn out 


bulbs in LEDs are illuminated by the movement of electrons 


LEDs do not 


radiate heat like 


an incandescent bulb 


thermal management is an important property of LEDs 


heat is absorbed into a heat sink & released into the environment 


this is a unique feature of LEDs which prevent them from overheating 


IRED 
light emitted by Infra-red 
most LEDs is ee 

diode 


at single wavelength 
the output of light ranges from red to blue-violet 


some LEDs emit infrared energy & hence called IREDs 


longer life 


can last for decades 
high efficienc 
minimal loss of energy 


good for the health of environment as LEDs 
& IREDs can be recycled & don't produce heat 


S| a 
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Difference between LED & CFL 


Point of difference 


Use of metals No mercury is used in an LED; but lead & 
nickel are used 
LED bulbs are more energy-efficient as 
Efficiency they require much less wattage than 
incandescent light bulb or CFL 


Environment 


Production of visible 
light 


Life span & heat 


Mercury is an essential component of CFL 


CFL lamps are less energy efficient as 
compared to the LED lights 


e CFL converts only ~ 20% in light 
& the rest of energy about 80% 
goes waste 

e CFL contain mercury which 
contaminate the environment when 
disposed off in landfill waste 

e CFLs have shorter life span; so, 
their replacement occurs more 
frequently than that of LEDs; more 
frequent replacement means more 
production more production leads 
to higher carbon emission as 
manufacturing, packaging & 
transportation result in more 

carbon emissions 


* ~ 95% of energy in LED is 
converted into light & only 596 
goes waste 

* LED does not contain noxious 
chemicals like mercury which 


contaminate the environment 
* moreover, LEDs have longer life 
span; longer life span means lower 


carbon emissions 


CFL uses low pressure mercury vapour 
gas; electrons of mercury when excited 
emit UV rays; UV rays when Strike with 
the fluorescent coating glass, generate 
visible light 


an LED has semi-conductor material 
which emits light when electric current is 
passed through it 


CFL works on the principle of ionisation 
of vapour; the process of ionisation 
coverts most of the visible energy into 
heat; this increases the power 
consumption of the bulb & reduces its life 
span; life span of a CFL is about 8000 
hours 


life span of an LED is about 50000 hours, 
much higher than that of the CFL & LED 
remains cool even because LED works on 
a principle different from that of the CFL 


brightness of LED is more as compared to 
CFL because LED emits light in one 
direction only & the most of the energy 
generated by the diode is converted into 
visible light 


as CFL work on the basis of a different 
principle, so its brightness is less as 
compared to the LED 


i _ 
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Mercury Vapour Lamps Á tor RN or outdoor Mercury Vapour Lamps 
are more energy efficient th usodin moien uu 
incandescent cana niece V pide : œŒ lighting such as are used in landscaping applications 
Y y 
lamps, especially for outdoor p sports grounds as bod cud bp. S ae 
etc. 


applications 


-.-..-..-— es cT e gea bring out the green colour 
are most suitable for outdoor $ of foliage more 
lighting because of long bulb life m m beautifully 
with high intensity 


Uses of Mercury Vapour Lamps 


CCFLs used 
in computer 
monitors 


in Nixie Tubes 
for numeric 
display 


backlight of 
LCD displays 


Uses of 
fluorescent 
lamps 


SUITED IRED is in fibre- in indicator 
are used in flat used in home- optics data lights such as 

panel computer entertainment exor bar-graph & 
displays remotes with minimal alpha-numeric 


noise readouts 


LED lights 
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Overall targets under UJALA 


Q 770 million LED lights to be replaced 


eek 


UJALA is 


in 3 years i i 
sP D AS E SE A Macao - a nationwide DELP 
5 05 billion KWh expected annual LED programme Domestic Efficient 
energy savings Lighting Program 


E. IM tA MT cer ciem: die ADM Qu as of Govt. of India 
peak load UJALA scheme is a non-subsidized scheme 
= it is a LED-based Domestic Efficient Lighting Program 


* $12 billion (Rs.8000 crore) estimated 
capital investment (excluding O & M) 


ED 79 million tonnes of CO2 gas 
emissions reductions 


T AAE TETEA (em ct ce . the scheme 


Energy Efficiency Services Ltd (EESL) is implementing it 


was launched in 


UJALA - LED bulbs achievements January 2015 


it is the largest LED distribution program in the world 


Q 270 million LED bulbs distributed 


5 35042 million KWh estimated annual 


energy savings 
Ey s under the scheme 


7015 MW estimated reduction of LED tubelights & fans (— 
peak load EESL is a joint venture of 
CAM TUR oe APEX EE a pa SE = are distributed PSUs under the Ministry 
EE $2.15 billion (Rs.14017 crore) to the consumers of Power 
E estimated reduction of bills of As ; : t 
it is a national programme for energy efficient appliances 
consumers I 


«o; 28 million tonnes of CO; gas 
emissions reductions 


consumer are given 20W LED tubelights @ Rs.220 per tubelight 


they are given BEE 5-star rated energy efficient fans (2) Rs.1200 per fan 


UJALA - BEE 5-star energy efficient to rectify high cost of electrification 


fans to cut emissions from inefficient lighting 
1.3 million number of such fans ‘ t 
distributed to manage the demand-supply gap in electricity 


5 162 million KWh estimated annual 
energy savings 


Reet ceca on area aia ies due Pe Ee p S mene - every grid- buie. 3s 
5 74.32 MW estimated reduction of connected consumer in the backdrop of 
peak load electricity demand 


$ $8 million (Rs.52 crore) estimated 
reduction of bills of consumers 


having a metered connection 


witnessing a 5-fold 
are eligible increase over the 


under the scheme coming years 


Éo 126368 tonnes of CO» £as consumers can pay for LEDs in monthly instalments also 
emissions reductions 


© . 
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CR ZOO DAP 
Social & Economic Benefits of UJALA LED bulb scheme 
- a case study by International Energy Agency (IEA) 


E Share in global LED market India's share in global LED market has increased from 0.176 to 1276 


UJALA is cheaper than electricity; investment of EESL in UJALA is 
approximately Rs.2.3 per kWh in energy savings; in its comparison, the cost 
of electricity generation from coal power plant in India is about Rs.5.2 per 
kWh of electricity generated 


Cheaper than electricity 


Penetration of LED across India increased from 0.4% to 10% in India's 
domestic market 


UJALA programme has created 12 million USD of additional tax revenue 
which is expected to increase to $158 million 


India is now world's 2nd largest LED market with annual revenues worth Rs. 
21.4 billion, which are expected to grow further 


India's annual domestic production of LEDs has increased approximately 
from 3 million LED bulbs in 2013 to 62 million in 2015 


LED's share in residential lighting LEDs share in India's annual residential lighting market has jumped from 
market 0.1% in 2014 to about 25% in 2016 


* it has enabled State utilities in India to tackle the relative growth of 
electricity demand | 
* the pogramme has enabled existing capacities to 
* meet a great number of households & businesses & 
* reduce the chance of blackouts 
* Government can now invest funds generated from additional tax revenues 
& saving in investment for generating additional electricity for the promotion 
of well-being of its citizens in other ways 


Impact on State Government 


Source: www.eeslindia.org 


eho aa Pane ree TL. 
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Electric Vehicles 


Engine Exhaust Gas 


Gases 1 Engine 


— Exhaust 


E those vehicles 

4 that run 

E on electricity 

"o 

b are called EVs 
E electric vehicles Electric 
ý Vehicles 


they run on electricity generated from batteries 


an electric vehicle uses electric motor/s for propulsion 


Exhaust heat Engine heat Cool water return EVs are different from internal combustion engine vehicles 
exchanger exchanger from site 
INTERNAL COMBUSTION ENGINE ICE 
ees Internal 
combustion Combustion 
Engine 


engines convert 

* propulsion means to push/drive an 
object forward 

e it is made from two Latin words - 
pro (forward) & pellere (to drive) 

* propulsion system is a machine that 

produces thrust to push forward 


. Mechanical Energy 


* energy in an object due to its motion 
or position or both 

* an object that possesses mechanical 
energy is able to do work 

* hammer utilizes mechanical energy to 

fix nail in a log of wood 


Heat Energy 


* is the result of movement of atoms, 
molecules & ions in a solid, liquid or 
gas 

* heat energy is transferable 

* 3 ways of transfer of heat energy - 

convection, conduction or radiation 


one form 
of energy into 


mechanical energy 


two types of combustion engines - external & internal 


this engine is [estne E 
Steam engine is an example |! 
one type of 


; of external combustion 


(a engine 


in such engines, fuel burns outside the main engine 


the heat engines 


outside burnt fuel heats up the fluid contained internally 


the fluid heated inside the engine expands & produces motion 


this engine is 


another type of 


the heat engines 

in such engines, fuel burns inside the main engine 

inside cylinder, fuel burns with oxygen to release heat energy 
in internal combustion engine 


there is no loss of 
energy in transmitting heat 


from boiler to the cylinder 


so, these engines are more efficient than the external combustion ones 


an’ e ee 


HYBRID ELECTRIC 
VEHICLE (HEVs) 


Mechanical 
Transmission 


. Motor 
Controller 


Transmission 
[—] of Torque 


Hybrid Vehicles 


* a hybrid vehicle utilizes more 

than one form of energy to 

achieve propulsion 
* FAME is a program of Government 
of India launched in 2015 to promote 
the manufacturing of hybrid vehicles 


Rectifier 


Electric 
Current 


* a battery converts chemical energy 
into electrical energy 

* a battery contains positive & 
negative terminals 

* it produces electrons through 
electrochemical reactions 


ICE based vehicles vs. Electric Vehicles 
ICE Vehicles Electric Vehicles 
Cause high pollution | Cause less pollution 


based on non- can be based on 
renewable resources renewable resources 
produce more noise produce no noise 
it takes time to 
aera is faster 
charge battery 


| ess cost per mile | | ess cost per mile | per mile 


more | more cost per mile | per mile 


less range - do not 
run much longer with 
single charge 


higher range - run 
longer with a full 
tank of fuel 


- Electric motor 


HEV 
; hybrid electic 

an electric motor TEM 

converts 

electrical energy 

into mechanical energy ICE 

electric coils in electric motors, driven by magnetic internal 
force; transform Cloctrical energy into mechanical ener, E CP 


Hybrid electri vehicles 


ED 


Regenerative braking 


x 5 : 
I 

HEVs are | ; i > 
during braking, electric | 
| 
l 


owered b 
p H j motors act as a generator & 


the energy is used to charge 
the battery | 


internal combustion engine 


& electric motor 


electric motor uses energy stored in a battery 


battery in a hybrid electric vehicle does not need plug-in 
to charge, battery is charged through ICE & regenerative braking 


conventional technology alongwith the new age technology is used in HEVs 


PHEV 
plug-in 
hybrid electric 
vehicle 


powered by 


Faster Adoption 
& Manufacture 


ICE & electric motor 


of (Hybrid and) 
Electric Vehicle 


electric motor uses energy stored in a battery 


battery is charged by plugging it into a power source 


batteries of PHEVs are charged from either of the plug-in 
source or internal combustion engine or regenerative braking 


ICE is used when battery is depleted or during more acceleration 


AEVs run 


AEV 
all electric 


only on electricity 
vehicle 


without using an 
internal combustion engine 


motor is powered by electrical energy stored in battery 
AEVs are charged by plugging the vehicles into a power source 
both heavy duty & light duty electric vehicles are commercially viable 


a conventional vehicle can be converted into any of the types of electric vehicle 
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Batteries in 
Electric Vehicles 


in some early 


electric vehicles EV 
electric 
vehicle 


lead-acid battery 
was commonly used 


reaction of lead & lead oxide with sulfuric acid 
electrolyte in a lead-acid battery produces a voltage 


H;SO, 


Lead-acid Battery 


Specific Gravity 


now, it is not used in EVs due to its poor specific gravity 


NiCd battery 
is a type of 


rechargeable battery 


* it is the ratio of density of an object 


to the density of a reference liquid 
* water has a specific gravity 1 at 45C 
* if an object is more dense than water, 
then its specific gravity is > 1 
* it is related to buoyancy also 


it consists of nickel hydroxide and cadmium 


in this, potassium hydroxide is used for electrolysis 


since, cadmium is toxic, so it is dangerous for environment 
Se 


Lithium-ion & Lithium-air 
batteries which are also used in 
electric vehicles, have been 
discussed separately 


NiMH battery 


is similar to 


* a trace element & transitional metal 

* it is a ductile & malleable metal 

* it is a naturally occurring toxic metal 

* its accumulation in plants/animals is 
increasing posing environmental risk 

* it is soluble in acids, but not in alkalis 


NiCd battery 


in NiMH battery, hydrogen absorbing 
alloy is used in place of cadmium in NiCd 


NiMH battery is an improvement over NiCd cell 


its energy density & capacity is higher than that of NiCd 
in energy density, NiMH battery is closer to lithium-ion battery 


BSE Sop 

Zn Cu Eee. 
anode Cathode 
(oxidation) (reduction) 


powered by 


Salt Bridge 


oxidizing zinc 


02 


with O2 from the air Oxygen 


zinc-air batteries have higher energy density 
Zinc Sulphate Copper Sulphate also, it is inexpensive to produce these batteries 


Solution Solution 
these batteries are used for electric vehicle propulsion 


Zinc-air Battery their use was demonstrated in electric buses in Singapore 


zinc-air battery has excellent shelf-life with less loss of energy 


—————————.w — —— —— 
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belong to class of 


rechargeable batteries 


with high 


energy density 


while a li-ion battery is discharging, lithium ions 
move from negative electrode to positive electrode 


ZnSO4 (aq) CuSO4 (aq) 


Electrolyte 


an Electrochemical Cell 


lithium ions move in opposite direction 


lithium-ion batteries 


Li-ion 
are much lighter battery is 
than other kinds of Lithium-ion 

seas eco nec À battery 

exists In an electrolytic ce rechargeable batteries 
* in an electrolytic cell, cathode has TE : & havehick : 

negative charge while in voltaic cell, 1-10n batteries are compact ave higher capacity 

anode is considered negative these are used in electric vehicles & portable electronics 
* negative electrode attracts positively a CES un 

charged particles in a cell : 

in li-ion battery 
intercalated 
E : lithium compound LIB 

* exists in an electrolytic cell lithium-ion 
* in an electrolytic cell, anode has a is used as its battery 

positive charge while in voltaic cell, electrode material 

cathode has positive charge j in lithium battery, metallic lithium is used instead 
* positive electrode attracts negatively Duos LE à 

charged particles in a cell unlike li-ion battery, lithium battery is non-rechargeable 

<> RO ieee 
able to store NiMH 

* is the amount of energy Stored in a much higher electricity nickel-metal 

substance per unit of its mass hydride 
* amount of energy stored in the mass per kg of battery 

of a substance is measured by energy coo» P | lose much less charge 

density ^ — — | (about 5%) in a month 
* uranium has very high energy densi CE ; 

urani ry hig EY ty while NiMH batteries lose 

Ethanol Crude oil Gasoline ^ Uranium-235 about 20% every month 
Coal Biodiesel Diesel Natural gas LIB does not require complete discharge prior to recharging 
n lithium-ion battery is able to handle more charge/discharge cycles 


Increasing order of energy density of various fuel types 


li-ion batteries are compact, lighter & have higher recharge capacity 


ca rcx 
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Domestic production of Li-ion 
batteries will give push to 


li-ion batteries V 
Li-ion 
lithium ion 


form the core of 
National Electric 


7 electric vehicles 
Mobility Mission 


National Solar 


hina 
Mission 


which aim at 6-7 
million EVs on 


road by 2020 


so far India is importing such batteries from C 


which aims at therefore, the price of lithium-ion batteries is high in India 


enhancing India's : Part . - ; 
sonencing Indies worldwide, India is one of the largest importers of li-ion batteries 
solar capacity to 


100 GW by 2022 in 2017, India imported ~ $150 million worth of lithium-ion batteries 


government is 


focussing on 
local manufacture of 


* Central Electro Chemical Research 
Institute is the largest establishment 
for electrochemistry in South Asia 

* is one of the national laboratories 
under the aegis of CSIR 

* it was founded at Karaikudi in 1948 


lithium-ion batteries 


without local production, prices will not come down 


RAASI group 
in association with M&M 
; aw Mahindra & 
* Bharat Heavy Electricals Limited Cobaal Electro Chemical EIE 


* a govt owned largest power plant 
equipment manufacturer in India 

* was established in 1964 with HQ at 
New Delhi 

* has presence in 82 countries abroad 


Research Institute (CECRI) 
is setting up li-ion 
batteries plant in Tamil Nadu 


Suzuki Motor Corp is setting up a production plant in Gujarat 


M&M is collabotating with LG Chem on li- 


ion battery technology 


* ISRO's space research centre 
* pioneers in rocket research & launch 


in India, 


è à ISRO & CECRI 
vehicle projects 


m iu ! BHEL 
e pursues R&D activities in solid have developed Bharat Heavy 

propulsion technology, propellants, their technolo Electricals 
aerodynamics etc. li-ion battery Dx 

((— P P e EE i ISRO has signed an agreement with BHEL 

i VSSC : 

r I under the agreement, ISRO will transfer technology 

: Vikram Sarabhai Space Centre . í 

LIIS pape tedio TT Ra to BHEL for manufacture of space-grade lithium-ion cells 


ISRO's VSSC, Thiruvananthapuram has developed this technology 
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IBM took initiative 


to manufacture S vo 
lithium-air batteries VS 
approx 


in the year 2009 


it produced a battery powering a car for 500 miles 


ERM 
International 
Business Machines 


oxygen taken 
from atmosphere 


Corporation - 
an American 
Multinational 


in lithium-air battery Company 


reacts with lithium 


this reaction produces lithium peroxide & electric energy 


Issues related to Lithium-air batteries on recharging the battery, the process is reversed & O2is released 
reaction of lithium plus oxygen makes 


lithium peroxide which is a solid product on 
cathode (positive electrode) of the battery, 
this reaction goes via a series of reactive 
intermediaries that destroys the electrolyte, 
which is the liquid that transports the ions 
in the battery from the anode (negative 
electrode) and vice versa... so lithium air 
battery traditionally does not last very long 


with use of nano-materials, small-sized lithium-air batteries are produced 


conventional batteries are 
completely self-contained 


in li-air batteries res : 
lithium-air battery breathes oxygen from uma 
oxygen comes battery 


atmosphere, lithium metal reacts with 
nitrogen, carbon dioxide & water also 
(which are the components of air), so energy density in li-air batteries is much higher 
challenge here is to have an adequate 
filtration system to take in oxygen only 
leaving all other components 


from atmosphere 


lithium-air batteries use spongy graphene electrodes 


full energy density of the battery has not 
been realized because of the difficulty of 
getting the reaction to form lithium 
| peroxide, to work reversibly 


light weight batteries 


li-air batteries 


higher number of charge-recharge cycles 


it charges & discharges slowly; so takes 
more time to get charged li-air batteries does not cause memory effect 


li-air batteries are more efficient & lose less energ 


more amount of power can be transferred at lower current 


Battery is a device that is able to store 
electrical energy in the form of chemical 
energy & convert that energy into 
electricity; it is not possible to store 
electricity, but electrical energy can be 
stored in the chemicals inside a battery... 


NE ———.4— — — — 


for electric cars & for other uses of Storage of electrici 


NASA is looking at li-air batteries for next- gen of propulsion 


quick charging & longer life span 
li-ion batteries can handle hundred of 
charge-recharge cycles 


lithium batteries are compact & more 
efficient than other batteries 


lithium batteries 
are preferred in Electric 
Vehicles - why? 


Ed 
5 
J 
4 


their energy density is higher than 
other types of batteries 


low self discharge rate in comparison with 
nickel-metal hydride battery & other 
batteries; so it has longer shelf life 


m f 


low memory effect 
batteries lose their maximum energy capacity 
when recharged repeatedly after partial 


discharge... this is memory effect 


—P2——  À— 


Disadvantages of Lithium Batteries 


expensive to 
manufacture; they need 
an on-board computer 
circuitry which makes it 
more expensive 


lithium-ion battery 
may explode when it is 
overheated or overcharged 
becasue gases formed by 
electrolyte decomposition 
increase the internal 
pressure of the cell 


sensitive to high 
temperatures; overheating 
or overcharging causes the 
cells to degrade faster 


when voltage of lithium 


li-ion battery is not 
completely durable despite 
longer charge-discharge life 
cycle because of normal 
degradation 


ion cell drops below 
a certain level, it 
becomes unusable 


w—— Www www wwwwwwwwwwwwWwwwWwwwwwwwwwwwwwwwwwwwwwwwwwwwww 


emit less heat 


electric vehicles emit 
significantly less heat; it 
could mitigate urban heat 
island effect & help in 
countering global 
warming; even one degree 
fall in temperature can 
make a big difference 


Benefits of Electric Vehicles 


y 


environmental health 


EVs are good for 
environment because of 
e low emission 
e less use of air 
conditioning due to 
reduced urban heat island 
effect 


less noise pollution 


electric vehicles produce 
less noise; it will improve 
urban soundscape; noise 
pollution is major cause of 
sleep loss, hypertension, 
Stress etc.; Delhi is one of 
the worst cities for noise 
pollution 


other benefits 


better acceleration 
electric motor in an EV 
achieves higher 
acceleration 

low maintenance 
engine of an EV requires 
less maintenance than an 

internal combustion engine 
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EVs in India 


Í ( to reduce emission intensity of 
India's GDP by 33%-35% by 


Govt. of India 


2030 from 2005 level EESL 

-e s =: = s o =m u s m s o mm o s mm e ee l Energy Efficiency 

to achieve about 40% electric launched National Services 

power installed capacity from e-Mobility Programme Ltd. 

non-fossil fuel based energy in March 2018 
resources by 2030 
mee ee me ee ee es the programme falls under the Ministry of Power 
to create additional carbon sink s Ltd. 


it will be implemented by Energy Efficiency Service 
of 2.5 to 3 billion tonne of CO; E 


esl i Pe hs sti diag toe EM ME ^ 
ae Tee de 
* ecosystem includes - 
the program re manufacture of e- : 
: * vehicles d 
aims as promoting e charging infrastructure! 
i e fleet operators : 
: © service operators : 
* Intended Nationally Determined " 
Contributions 
* voluntary commitments by countries 
about post-2020 climate actions 
* committed in CoP-21 of UNFCCC EVs 
held in Paris in 2015 gu EUER : ? : Electric 
Paris Agreement electric vehicles in bulk Vehicles 
a SEES i for economies of scale 
CoE RUNES D EESL had procured 10000 electric vehicles in 2017 
* in CoP-21 was negotiated a global & will procure 10000 more such vehicles to cater demand 
agreement for reduction of climate > 
change in post-2020 period 
* parties agreed to limit global warming 
well below 2°C (ideally to 1.5°C) it is expected 
compared to pre-industrial levels that India will save 
visione litres pee 
: DISCOMs : 


the program will lead to a reduction of over 


* an energy service company fully 
ad 560000 tonnes in the emissions of CO? annually 


owned by the Government of India 
* has reduced India's carbon footprint 
& peak energy demand 
* acts as a resource centre for capacity 
building for State Power DISCOMs 


it will support India in meeting its Paris commitments 


this will complement to India's NEMMP which has target 
of adding 6-7 million hybrid & EVs on yearly basis by 2020 


a 


peepee prr wie cen i y 

| Agreement | UN Framework | s 

: ue BE a, Convention on Climate : 

! in 2020 l Change , Faster Adoption & Manufacturing of Hybrid & Electric Vehicles ` 


to put 6-7 
million hybrid/ 
EVs on road by 

2020 


Fuel Security 


* fuel security is related with constant 
supply of fuel to meet the demand of 
country's growth & security needs 

* it can be achieved either by enhancing 

imports, relying on various sources 

or managing demand in the country 


* a scheme of the Ministry of Heavy 
Industries & Public Enterprises 

* was launched in the year 2015 

* it was to encourage electric vehicles 
by providing subsidies 

* covers hybrid & electric technologies 


* Ministry of Heavy Industries & 
Public Enterprises is a ministry of 
Govt. of India 

* has two departments - Department 

of Heavy Industries & Department 

of Public Enterprises 


was launched 
by Govt. of India 
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NEMMP 


National Electric Mobility 


Mission Plan 


it is to ensure 6-7 
million population of 


hybrid or 
EVs in India 


by the year 2020 


government will provide fiscal & monetary 
incentives to kickstart this nascent technology 


EVs 
Electric 


Vehicles 


FAME 


: Faster Adoption & Manufacture 
* of (Hybrid) & Electric Vehicle 


supply side incentives 


demand side incentives to 
buy hybrid or electric vehicles 


promoting charging infrastructure 


promotion of R& D in related technology 


the scheme is 
to be implemented 


over a period till 2020 


MHIPE is a nodal ministry for it implementation 


retro-fitment of on-road vehicles with hybrid kit 


related ' 


technology includes 
battery technology, 


motors, systems ` 
integration etc. 


MHIPE 
Ministry of Heavy 
Industries & Public 

Enterprises 


or a a mn: 
-— m s Pr a m” 


FAME-India scheme, 
a total of 150550 hybrid 
& electric vehicles 
received incentives 
till July 26, 2017 


Hybrid Vehicles 


* in a hybrid vehicle, more than one 
means of propulsion are used 

* it consists of combination of petrol/ 
diesel & electric motor 

* motive behind hybrid vehicles is to 

save fuel & mitigate CO;emission 


e Ist Global Mobility Summit which 
was organized in New Delhi 

* MOVE aimed at bringing together 
Stakeholders from across the sectors 
of mobility & transportation to 
revolutionize transport 


Strong Hybrid Vehicles 


* in strong hybrid vehicles, two energy 
sources are used to drive the vehicle 

* in mild hybrid vehicles, various 
systems such as regenerative braking, 
Start stop system etc. are used for 

improving the efficiency of vehicles 
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FAME India 


was launched 


in the year 2015 


FAME India was launched by the Ministry 
of Heavy Industries & Public Enterprises 


- x — 


Why FAME India? x 


d 


to incentivize 


production i Eco-friendly vehicles! 
& promotion of i include hybrid & electric į 
: vehicles : 


incentives are given to electric two and three 
wheelers, hybrid & electric cars & electric buses 


SN 


FAME is 


FAME 
Faster Adoption & 


i 
Manufacturing of (Hybrid) & — ! 
I 


be implemented 
Electric Vehicles 


g 
designed to i 

i 

i 


in a phased manner 


Phase-I of FAME was launched in 2015 


approved outlay for Phase-I was Rs.795 crore 


Phase-I of FAME ended on 30th of September, 2018 
Phase-II of FAME has been launched in September 2018 


. Phase-Il of FAME 


CE to make public. ; 7 
this phase transportation — - 
spans over fully electric 
during FAME-II = 


a period of 5 years 
it has been launched on September 7, 2018 
offers incentives for mass adoption of EVs in India 
for Phase-II, an outlay of Rs.5500 crore has been planned 
PM Modi launched Phase-II during the inauguration of MOVE 
it covers all EVs for subsidy to check pollution to make India clean 
in Phase-II, huge charging infrastructure will be set up to support EVs 


in Phase-II of FAME, there will be no incentive to strong hybrid vehicles 


Esencia : Science & Technology 


India has 
set a goal that 


30% of private & we tes meters 
public transportation NITI Aayog 

National Institute for 
Transforming India 


shall go electric 
by the year 2030 


Aayog has suggested a figure of 40% 


30% EVs by 
TA 


NEMMP 
National Electric 
Mobility Mission Plan 


government has 
already launched 


NEMMP & FAME India 


NITI Aayog 


* [ndia's premier policy think tank 

* came into existence on January 1, 
2015 

* itis an executive body which came 
into existence by a cabinet resolution 

* provides technical advice to Govt. 


NITI Aayog 


National e-Mobility Programme 
Phase-II of FAME has been launched recently 
EESL has already purchased 10000 e-vehicles in 2017 
10000 more e-vehicles will be purchased by EESL in 2018-19 


though, the progress is not very encouraging, but things are moving 


AS SOLAN 


FAME 
* there are two hubs that reflect two ET qu Faster Adoption & 
key tasks of NITI Aayog HEU ee Manufacturing of (Hybrid) & 


* Team India Hub for engagement of Electric Vehicles 
States with the Central government 
* Knowledge & Innovation Hub that 


builds think tank capabilities 


15-year road map for 


electrifying all 
new vehicles in India 


it is about limiting registration of petrol & diesel 
cars & giving benefits/subsidies on sale of electric cars 


* Chronic Obstructive Pulmonary 
Diseases caused by long-term high air pollution is India's 
creating health hazards annual oil import 
bill is touching 
of 32 lakh deaths $90 billion 


caused by COPD in 2015 


exposure to pollutants 

* is a chronic pulmonary lung disease 
that causes obstructed airflow from 
lungs 


8 lakh happened in India 


| relative proportion of oxygen in air is reducing 
switching over to electric vehicles will save our forei exchange 
Narendra Modi Dr. Rajiv Kumar running cost of electric vehicle is much less than that of the ICE models 
PM - the Chairman Vice-Chairperson e orel ; Ds m 
Sec ea of NITI Aayog cost of electric car per km is just about Rs.0.80 while is about Rs.4 in ICE car 
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EVs in India 


- some challenges 


. 


= 1000 gi 
`SS gigawatt 


= 1000 megawatt ets Gigawatt 


- 


. 


Ld 


D^ 
Megawatt 
ne = 1000 kilowatt 


energy consumed by a | 
kilowatt appliance in | hour 


India has 
sold only 25000 
units of electric 
vehicles in 
2017 


currently, hybrid vehicles are heavily 
taxed in India @ 43% 


Govt. 
is reluctant to 


invest in charging 
infrastructure 


India is expected to see 30.81 million 
sale of electric vehicles by 2040 
- NITI Aayog 


India 
(50) 


Japan USA 
(591) p^ | (910) 
Pakistan China 
(18) (231) 
Number of Motor Vehicles 


per 1000 population 


is to provide 
charging facilities 


for charging such a large 
number of electric vehicles 


currently, India has less than 300 charging stations 


it is a herculean task to set up 70000 charging stations 


if it takes longer to charge a battery, it would be a problem 


in comparison with 
conventional vehicles 


in an energy 
hungry country 


electric vehicles 
will add on further 


to the power demand 


electricity demand was about 1100 TWh in 2016 in India 


it is expected to grow by about 2500 TWh by the year 2040 
aggressive move to switch over EVs will further add to this demand 


this is really a challenge for India where 24x7 power supply is still far 


from where 


we will get power Power distribution up to charging 


Stations is another challenge 
for power discoms 


for providing 
24x7 supply for 


recharging of electric vehicles 


coal is the most feasible source of power, but generating 
electricity from coal is again not without risk to environment 


power discoms are not financially good to bear additional burden 
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EVs in India 


- some challenges 


Oil lobby 


Portugal é 
China oil lobby 

e» i including man : 

Brazil ó d Xr 8 y Jobs in automobile 
USA ; big oil companies P today 
o> “ins 
i i electric vehicles 
Arg m 

pex -GA Tan Zimbabwe : d . metals, mining, 

pto automobiles is the life-blood of oil companies manufacturing of 


rubber, plastic, 
glass 


Core 
manufacturing 


manufacture & 
supply of auto 
components & 
assembly line 


sales, service, 


e Largest lithium reserves in Chile followed by China 
e Largest lithium producers are Australia & Chile 


no other industry is as profitable as the oil industry 


lobby is sowing doubts about viability of electric vehicles 


Lithium Reserves in countries 


* lithium is an element which is 
present in trace amounts in rocks 
* it is the lightest metal & the lightest 


n Loss of employment | 


there are jobs in 
automobile industry 


in upstream 
& downstream 


lithium is an 


: ae em "m : alkali metal & core manufacturing repair, fuel supply 
t . . 7 5 ome 
at IBYy E ee are ee E automobile sector is one of the biggest job creators & logistics etc. 
* it is Stored in mineral oil 
architecture of EVs is simpler & requires less moving parts 
this may have a big impact on upstream & core manufacturing jobs 
| Lithium-ion batteries 


* jt is quickly corroded by moist air 

* it occurs naturally in compounds, not 
freely 

* it occurs in ocean water also in the 


India does not 
have reserves of 
lithium 


li-ion batteries 


lithium is low 


are used in 


4 3 in densi 
mixture in the form of compounds & E electric vehicles 
is isolated electrolyticall i ee : 
yt y we import li-ion batteries from China 
today, there are two issues related with this 
Uses of lithium A . 3 K 
= And : one, the cost of lithium- 

* aluminium-lithium alloys are used in atiuum-ion batteries is very high 

aircrafts & high-speed trains two, their manufacturing is at a nascent stage in India 
* magnesium-lithium alloy is used for m BEER 

armour plating - Manufacturers of 
* lithium oxide is used in special glasses . auto components 


& glass ceramics 

* lithium chloride is used in industrial 
drying systems & air-conditioning 

* lithium stearate is used as all purpose 
& high temperature lubricant 

* lithium carbonate is used in drugs to 
treat depression, mental illnesses etc. 

* lithium hydride is used as a means of 
storing hydrogen for use as a fuel 


they have made 


huge investments 


in manufacture 
of auto components 


they will obviously oppose any such move 


addressing their concern is also a big issue today 
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Electric vehicles 


- the way forward 


3109.05 


, 23 


it is time now 


this is in 
ir 
to move away eae, E | 
1239.45 | qu 1 
from fossil fuels 


M25 


as per WHO report in 2018, out of 20 most 
polluted cities in Asia, 14 are from India alone 


cost of pollution has become unaffodable for citizens 


2011 


2013 


2015 


SS ae a E TEPR 
Source: IEA 
in this scenario 
Brazil USA there is urgent 
0.36 OW 198.35 need to reduce transition to 
= x France A electric vehicles is 
2 118.77 carbon footprints undeniable 
| | we cannot do without alternative technologies 
Australia Cees Norway at this time, electric vehicles is seen as a good option 


2.28 et gf La 7 26026 


as discussed in 
previous pages 


switching on 
to electric vehicles 


has its own 


challenges/problems 


the problems need to be addressed carefully 


considering the issues of charging infrastructure & 
cost, hybrid vehicles can be a good option for the time 


auto industry can be convinced to dedicate a part of their 
profits towards research for some breakthrough in this field 


industrial ecosystem needs to be developed to bring new generation 
electric vehicles that should fit to size of pockets of maiori 


Public Transport Private Vehicles 


of Indians 


the move 
to introduce 


electric vehicles 


69600 GWh 


both intention & idea are good beyond doubt 


but, the govt should come out with a clear, appropriate & 
rational policy according to the practical realities of the coun 


sour] oruiouoo :221nos 
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| What is it? 


Methods of Reducing Friction friction is a force 


that slows down 


Polishing the motion of an object 


friction is a force, but not a fundamental force like gravity 


lubrication with ^ | Streamlining the : 
. .eil/grease ^ . | shape of body 


Since 


First law of friction 


this law is Advantages of friction 


e friction is the cause of 
motion 
e one can walk due to 
friction 
when an object is moving, the friction is e brake system in 
proportional & perpendicular to the normal force 


using ball bearings 


Static Friction & Kinetic Friction 


e static friction acts while the surfaces 
are at rest 


applicable to 


moving objects 


automobiles works due to 


(TOR SER ERES EY friction 
| Second law of friction e transfer of motion 
E LEE TIAE DENTES from part of machine to 
friction is other occurs due 
to friction 
e friction produces heat, 
so cause fire to occur 


BON 


* an object will not move unless actual 
force on it is < the static friction 

* kinetic friction acts when there is 

relative motion between the surfaces 


What is drag? 


* drag is the frictional force exerted by 


independent of 


the area of contact 


two objects of same mass & different sizes shall 
experience the same frictional force w.r.t. each other 


"Third law of frictio t 


fluids (liquid or gas) coefficient 
* frictional force on a fluid depends Grado friction 
upon Coefficient of friction is the 


is slightly greater than ratio of the force of friction 


between two bodies & the force 
pressing them together 


* speed of the object w.r.t. fluid 
* shape of object & nature of object 


Disadvantages of friction 


* it reduces the efficiency & lifetime of 
machines 

* soles of shoes, ball bearings & screws 
wear out due to friction 

* heat produced due to frictional force 

causes damage to the machinery 


the coefficient 
of kinetic friction 


coefficient of friction is a dimensionless scalar value 


EX uw Gee 


kinetic friction is independent of velocity 


kinetic force is frictional force acting on moving body 


Fifth law of friction . 

nm without friction, no 

creation is possible in 
this world 


nature of surfaces 


Friction can be increased by ; f 
interacting each other 


determines friction 


making the surface rough 


treading the tyres it is more in rough surfaces & less in smooth surfaces 
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heat is the 


most common 


Heat energy 
is known as thermal 


energy also 


heat transfers from hotter body to a cooler body 


normal temperature 


o 
of human body is A LAS 
98.4 °F is the boiling 
& point of 
alcohol 
36.9 °C 
Mercury Thermometer 
* range of mercury thermometer is : 
from -39°C to 357°C degree of hotness UG 
: : : o is the boiling 
* freezing point of mercury is -39 C & $ 
; o of a body point of 
that of alcohol is -115 C mercury 


* alcohol thermometer is used to is its temperature 


measure temperature below 23046 


* pyrometer is a remote sensing 


temperature is measured by a thermometer 


temperature determines the direction of flow of heat 


- = 
x ONE NN 


thermometer 

* a pyrometer measures the 
temperature of body by measuring 
radiation emitted from body 

* its range is from -40°C to 3500°C 


Absolute Zero | -273.15 | -459.6 E93 


consist of special 


U-shaped glass tube 


filled with alcohol on both ends 


they are used to measure maximum & minimum temperatures 


Cooling 
(Frosting) 


Heating 
(Sublimation) 


Solid 


Heating 
(Melting) 


Liquid 


Uses of Thermal Expansion 


* property of thermal expansion 

is used for 

=> construction of thermometers 

— opening the tightly closed cap of bottle 
— mounting the iron rings on wooden 
wheels 

* thermostats used in heating or cooling 
devices use bimetallic strip (two layers of 
two different metals) to switch off circuit 
automatically 

+ gaps are left at the the joints of railway 
tracks to prevent the bending of rails in 
summer due to thermal expansion 

+ iron bridges are not continuous 
Structures; at one end the girders are left 
open and placed over rollers 

+ a tumbler may get cracked on pouring 
hot tea in it due to uneven expansion of its 
different parts 


Two plain bimetallic strips of 
Aluminium & Steel bend of heating as 
Aluminium expands more on heating 


Aluminium 


ey 


~ 
< 
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size of a 
body increases 


state of 
when it is heated up ET aie A 
this is called changed by changing 
thermal expansion temperature 
all matters expand on heating & contract on cooling 
though, this general inference is not applicable on water 
maximum 


density of water 
occurs at 4 °C 


boiling point is 
the temperature 


at which liquid 
changes into gaseous state 


melting point is the temperature at which solid changes into liquid 


latent heat is absorbed 
on change of a substance from solid 


into liquid or vapour 


heat involved in 


change of 


latent heat is released 
State of matter 


when a substance changes from 
vapour into liquid or solid 


without any 
change in its temperature 


heat involved in changing solid into liquid is latent heat of fusion 


heat involved in changing liquid into vapour is latent heat of vaporisation 


solid < liquids < gases 
—— p> 


` Coefficient of expansion 


[U . 
l change in temperature 


expansivity (coefficient of expansion) of a substance is constant 
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it involves 


Reverse heat transfer, i.e. from 
colder to a warmer body can take 


transfer of heat 
place with the help of external 

pos source like heat pump 

systems or two parts 


it happens from a warmer body te a colder body 
Heat transfer by 
thermal conduction 


Bubbles can form & rise until vapour 
pressure overcomes atmospheric pressure 


* an electric device that extracts heat 
from one place & transfers it to 
another, e.g. air conditioner, fridge 

* it transfers heat by circulating a 

substance called refrigerant through a 

cycle of evaporation & condensation 


.Conductors & Insulators 


* conductors are materials that allow 
heat to pass through them easily e.g. 
aluminium, iron, copper etc. 


heat transfer 


in liquids & 
gases takes place 


through convection 


heat transfer occurs by motion of molecules 


Convection 


when a liquid is heated from below, the hot part becomes 
less dense & rises due to buoyancy, but the colder part sinks below 


A E Conducti 

* insulators are materials that do not Noc 
allow heat to pass through them Convection —47 
easily like plastic & wood transfer of heat f 


Radiation \ 


Y 


objects radiate heat above absolute zero temperature $ 
radiation is the form of infrared radiation, so it is not visible ey 


example - heat coming from the Sun; heat radiated by an electric bulb 


No Thermal Equilibrium 


if they have Thermal Equilibrium 
the same temperature 


in the form of 


electromagnetic radiation 


Pressure Cooker 


* increases boiling point (BP) of water 
by increasing pressure 

* at higher BP, food cooks faster 

* it is essential in hill stations as at 

hills boiling point of water decreases 

due to low atmospheric pressure 


two objects are 
Newton's Law of Cooling 


: . in thermal equilibrium 
it States that the rate of cooling of a 


body is proportional to the excess 
temperature of the body over its 
surroundings 


no energy exchange between two objects which are in thermal equilibrium 
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work is done 


when force 
applied on an object 


roduces motion in it 


if force is applied & the object does not move, no work is done 


cos 6 is the angle between the force 
< & the displacement vector 


it is equal to 
the product of 


P--——————ÓÀ 


* 
© Work = Force x Displacement x cos 0 } 


"C" o""o"""o"oonoo"""ocru»* 


Ld 


force exerted on the body 


& the displacement of the 
body in the direction of force 


* a person throws ball upwards 
vertically 

* force applied by the person does 
positive work as it is in the direction 
of motion of ball 

* gravitational force acts negatively 


not direction 


work is a scalar quantity having magnitude only, 


SI unit of work is joule (J) & 1 joule is equal to 1 newton meter (Nm) 


the 3 ingredients 
to work are 


force, displacement & cause 


in order for a force to qualify as having done work on 
an object, there must be a displacement cause by the force 


* a satellite moving around the Earth in 
a circular path 

* gravitational force act on the satellite 
at right angles to the direction of 
motion of satellite 

* so, Earth does '0' work on satellite 


work done is positive 


i.e. cos is positive 


: applied force has a component in the direction of displacement 
* opposes the relative motion of the 


body 
* on rough surface, frictional force acts 

in direction opposite to displacement 
e Z 8 in this case will be 180° & the 
work done by frictional force is '-ve' 


on a body which is falling, the work done by gravitational force is positive 


5 VOX AQUA SIS PE 


Height rises? so; on a body moving upwards, the work done by gravitational force is negative 


work is done 


SS SS SSS SS. 


Moving 
object 
^5 


o> 
T Curved 9? 


Centripetal Force 


Newtons 


© m = mass of the object 
© v = tangential velocity of object 
O r= distance of object from centre of it path 


Measuring Centripetal Force 


if the velocity is doubled, the Centripetal 
force is quadrupled 


Skidding & Centripetal Force 


skidding occurs when centripetal force is 
greater than the frictional force 
So, we notice speed breakers/warning 
signals to slow down when there is a bend/ 
curve on a road 


Other Applications of Centripetal Force 


Be bending of cyclist round a curve 
banking of curved roads & tracks. 
dryer of a washing machine 


the gravitation force of the Earth provides 
the necessary centripetal force when the 
| Moon revolves round the Earth 


force that 


attracts the bodies 
moving on a curved path 


towards the centre 


centripetal 
force ofan object 


moving on 
a curved path 


determines its acceleration 


if the centripetal force is higher, so will be the acceleration 


more massive objects require more centripetal force to maintain speed 


therefore, in this respect, Newton's 2nd Law of Motion applies in this case 


> 


three factors that 


determine centripetal force 
they are - mass of an object, its velocity & distance from centre 


it is measured in Newtons & decreases as distance from radius increases 


will have a higher centripetal force 


centripetal force 
is used to calculate 


the Earth 
orbit of a satellite 


a Satellite is put in space at such a distance so that the 
force of gravity is equal to the centripetal force to keep it in orbit 


similarly, the Earth's gravitational force on Moon is eq ual to the centripetal force 


E a 
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Centrifugal Force 


it is an 
apparent 
outward force 


on an object 

which is in rotation 

“be S 
Curved ¥* 


the direction of centrifugal force is always outward 


centrifugal force is equal & opposite to the centripetal force 


AEF 
ae 
v 


centrifugal 
force of an object 


moving on 
a curved path 


© m= mass of the object 


9 v = tangential velocity of object 
Ò r= distance of object from centre of it path determines its acceleration 


it the acceleration is higher, so will be the centrifugal force 
Measuring Centrifugal Force 3 ] 1 à 
centrifugal force & object's distance from centre are inversely related 


ER et 
Cyclone Separator 


Low Pressure 
System 


Pressure : E E EO i AJ. 
D dct Gu if the Earth were cyclone separators are 


wind a perfect rigid sphere -—- gas-cleaning devices 

Tree í based on centrifugal . 

DE Coriolis Force i: ml 3 Al _ force & are used for 
equator would have been i R E d 

E. S q Eo determining cyclone 

Force much deeper . efficiency 
I E than that at poles SUM Colton 
centrifugal force has deformed the Earth from a perfect sphere 
ae ran centrifugal force is balanced at equator due to the Earth's spheroid shape 
ystem 
Coriolis Force g._..- 
Pressure 


Gradient |. 
wind 


> Gradient Force 


winds on Earth 


Centrifugal 
Force 


flow parallel to 


this has an impact on 
weather & climate 
of the Earth 


various isobars 
we see on the globe 


in low pressure Pressure Gradient Force = 
system Coriolis Force + Centrifugal Force 


Coriolis Force = Pressure Gradient | in high pressure 
Force + Centrifugal Force system 


the centrifugal force plays an important role here 


when the isobars are curved, centrifugal force enters into 


the centrifugal force causes wind to blow in a disciplined manner 
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Laws of Motion 


forces are balanced 


so, there will be no acceleration 


object will accelerate if forces are 
unbalanced; the acceleration depends 
directly upon "net force’ & inversely upon 
'mass of object' 


Newton's 2nd Law of Motion 


Newton's Second Law of Motion 
in Rocket Science 


the equation of 2nd law of motion is 
F-m.a 
e force (called 'thrust') is the force created 
by the controlled explosion taking place 
inside the rocket 
* the pressure accelerates the gas in one 
direction & the rocket in other one 
e with burning up of the propellant during 
flight, the mass of the rocket changes 
because the propellant is burnt up & 
expelled in the form of plume 
* so, the mass of rocket becomes smaller 
during flight & thus acceleration increases 
to compensate the decrease in mass so 
that the equation (f = m . a) remains in 
balance 


Inertia $—— — —— 


* is the quality in matter that causes 
it to Stay in rest or resist change in 
its velocity 
* it depends upon the mass of an 
object - the larger the mass, the more 
will be the inertia 


Propellant is a 
constituent of the mass 
of a rocket 


first law of motion 


Sir Isaac Newton 
gave 3 laws of motion 


is referred to as 


'law of inertia' also 


objects in state of equilibrium will not accelerate 


it says that an object stays in state of rest or of uniform 


a person 
Standing in a bus 


falls forwards it is more difficult to stop a 


if the bus truck than a motorbike because 
truck has higher inertia 


Stops suddenly 
falls backwards 


when it starts 
suddenly from rest 


it is more difficult to stop truck than motorcycle 


Why seat belts in 


passenger vehicles? 
it pertains to e during collision car stops all of 


behaviour of objects a sudden while the body of 
passenger remains still in motion 
e seat belt helps to break inertia 
of passenger by holding him 
tight 


for which 
all existing forces 


are not balanced 


acceleration of an object depends on two variables 


they are the net force acting upon the object & its mass 


acceleration of object depends directly on the net force applied 


but, the acceleration of an object depends inversely upon its mass 


second law of motion 


acceleration 
is especially useful 


& mass are inversely 
proportional 


in designing 
efficient rockets 


more rocket fuel burned means gas escapes engine fastly 


the more gas escapes, the great will be the upward thrust of rocket 


a O — P 


Speed = Distance / Time 
the SI unit of speed is ms ^ 
Velocity = Displacement / Time 
the SI unit of velocity isms `! 
Acceleration = Change in velocity / time 
the SI unit of acceleration is ms 
Momentum = Mass x Velocity 


the SI unit of momentum iskgms `! 


Some Important Terms 


Motion 


* motion of a body is the change 
in its position 
* motion of an object can be either 
uniform (like rotation & revolution 
of the Earth) or non-uniform (like 
motion of a bus) 
e motion of an object is said to be 
uniform if it moves at a constant 
velocity & it is non-uniform if it 
velocity keeps on changing 


e any action that tends to maintain 
or alter the motion of a body or to 
distort it, is called force 
e force is a vector quantity as it has 
magnitude & direction both 
e the SI unit of force is kg ms? or 
Newton (N) 


Conservation of momentum 


e it is a general law of physics 
e it tell that momentum of a system 
remains constant if there are no external 
forces acting on it 
e it is Stated in Newton's First Law (the 
Law of Inertia) 
momentum is neither created nor 
destroyed but only changed through the 
action of forces 


Laws of Motion 


Third law of motion. 
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the law says that 


every action has forces always come in 
pairs - equal & opposite 


action reaction force pairs 


an equal & 
opposite reaction 


but the action & reaction act on different bodies 


other 


when two bodies interact, they exert force on each 


so, this law states that for every action there is an equal reaction 


it is used in creation of rockets, aircrafts, medical delivery systems etc. 


it is the action- 
reaction forces pair 


that makes 


the birds to fly 


the wings of the bird push air downwards 


ards 


& the air pushes the wings of the bird upw. 


cars move on the road 


because of the 


same action- 


reaction forces pair 


the wheels of the car push the road backwards 


but the road pushes the wheels of the car forwards 


this equal & opposite force makes the car move on road 


ier TT ES E 


two equal & 
opposite forces 


donot cancel 
each other 
this is because they act on different systems 


force on one system pushes it in one direction - say x 


force on other system pushes it in direction opposite to x 


Gravitation 


Schwarzschild Radius 


-—€— 
e? `` 


Horizon 


t 


^ Singularity 
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Black Hole 


Singularity is at the centre where the 

mass resides & Event Horizon is the 

boundary where the escape velocity 
is the speed of light 


Escape Velocity 


* it is the minimum velocity required 
for an object to break free of a planet 
or moon's gravitational force & enter 
orbit 

* it is affected by mass of object & 

distance to the centre of that object 


Escape Velocity ; Mud 


* if a body is projected with velocity 
less than escape velocity, then after 
reaching a certain height, 

* it may move in an orbit around the 
planet or fall back to the planet 

* escape velocity of Earth is 11 km/s 


Black Hole er 


* such a dense object that even light 
can't escape from it 

* any object that is smaller than its 
Schwarzschild Radius is a 'black hole' 

è it is anything with an escape velocity 

greater than the speed of light 


Schwarzschild Radius 
the radius at which a mass has an escape 


velocity equal to the speed of light is 
called Schwarzschild Radius 
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gravitation is a 
natural phenomena 


by which all 
physical bodies 


phenomenon of gravitation 
operates on objects of all size & 
over all distances 


attract one another 


gravity exists among all material objects with non-zero mass 


Sir Isaac Newton 


'f - gravitational force 
_| 'm!' & 'm2' - masses of 2 objects 
gave the Law of 'd' - distance between 2 objects 
Universal Gravitation 'k' - a constant 


in the year 1686 


force of gravity between two spherical objects of 
uniform density is directly proportional to their masses 


& it is inversely proportional to square of distance between them 


Einstein modified 
Newton's theories 
about gravitation 
he did so through his 'Theory of General Relativity' 


it suggests that nature of force of gravity is the same as the 
nature of force applied on any object that undergoes acceleration 


Gravity or Gravitational Pull 
is the force of attraction exerted by 


the Earth on a body 


every object is 


surrounded by 


a gravitational field 


it is directly proportional to the mass of an object 


& inversely proportional to square of distance from its centre 


Gravity is responsible for 


eat rainfall on the Earth; flow of water 
gravitational fields 


in rivers; atmosphere surrounding 
cause distortions pe 


in 'space' & 'time' 


he made this revelation in his 'Theory of General Relativity' 
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T wi 


Falling of Walking on Flowing of Falling of fruits Envelope of atmosphere 
rain on Earth Earth water in river from trees around Earth 


Acceleration 


Acceleration produced in motion of a body under the influence of gravity is called acceleration due to gravity; 
it is denoted by 'g' and value of 'g' = 9.8 ms ; various factors determining 'g' are 


P/ NS 
aana 
we 


shape of the Earth axial rotation of the Earth height above Earth's surface 


Gravity of Earth 
Gravity of Earth is less at equator than that on 
is maximum poles because Earth's radius is 
on surface less at poles than 
at the equator 


Earth's gravity 
decreases as a body 


goes above the 
surface 


a r et as 


n semi-major axis semi-minor axis 


. r = radius of orbit 


M = Mass of object in center 


Orbital Period 


it is the time a given 
astronomical object takes to 
complete one orbit around 


another one 


for objects in the Solar system, 
this is known as the sidereal 


for binary Star, it is called 'star' 


Inverse-Square Law 
this is a law in physics 


the law states that a specified 
physical quantity or intensity is 

inversely proportional to the 
square of the distance from the 
source of that physical quantity 


Difference between 
Kepler's three laws 


Kepler's first & second laws 
describe motion characteristics of 


a single planet 


the 3rd law makes a comparison 
between the motion 
characteristics of 
different planets 


sssnsennnesnnnaan, 
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Kepler's Law 


Kepler's law 


is about motion of 


planetary bodies 


Kepler gave three laws of planetary motion 


all planets move Keplers 
first law is called 
around the Sun 'law of ellipses' 
in elliptical orbits also 
the Sun remains as one of the two foci of the orbit 
inverse square force of gravity results into elliptical orbit 
this law is the point at 
known as which a planet is 


closest to the Sun 


law of areas also is 'perihelion' 


it says that a line that connects a planet 
to the Sun sweeps out equal areas in equal times 


so, a planet moves faster when it comes closer to the Sun 


this law of Kepler arises from conservation of angular momentum 


Kepler's third law 
is known as 


law of periods 


the law states that square of period of any planet is 
proportional to the cube of the semi-major axis of its orbit 


Newton formulated the law of gravitation from Kepler's third law E 


this law helped in determining the most efficient route from Earth to Mars 


Hohmann transfer was 
invented by a German 
scientist in 1925 


it transfers 


a satellite or spacecraft 
from one orbit to another 


it is the most fuel efficient way to get from one circular orbit to another 


N^ c eee ee 
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Buoyant Force 
=3 1b 


—Mááá— Hd 


of 


buoyant force on a object = 


| 
\ weight of liquid displaced by an object — / 


|a 


it is about 


Buoyant force is equal to the 


weight of the water displaced 


Factors affecting buoyancy 


* buoyancy is affected by 
* density of the fluid 
* volume of the fluid displaced 
* local acceleration due to gravity 


buoyant force of object 


submerged in fluid 


buoyant force on an object is equal to the weight 
of fluid displaced by the object submerged in the fluid 


the principle applies to both floating & submerged objects 


* the buoyant force is not affected by a baloon 
mass or density of immersed object an object floats in air 
j because its density 


will sink in water is less than that 


of the air 


if the water displaced 


Relative density or specific gravity 


* relative density of a substance is the 
ratio of its density to that of water 
* substances with relative density 
>1 will sink, 
<1 will float & 
=] neither sink nor float 


: Neutral buoyancy 


* it is a physical condition where 
average density of a physical body is 


is less than 
the weight of object 


the case of positive 
buoyancy 


otherwise, the object will remain floating on water 


i +— Yacht 


a body will 
float in a fluid 


if its density 


is less than 
that of the fluid 


cual 1 the density of the fluid in otherwise, the body will sink into the water Needle 
which it is submerged (the case of negative 
floats & needle sinks in water buoyancy) 


* the fish control buoyancy through an 
internal swim bladder 


Magnitude of buoyant force 
depends on the density of the fluid; 


Positive buoyancy is where an object 
displaces fluid more than its weight 


an upward force 


exerted by water Newton (N) is the SI unit of 
buoyant force 


Negative buoyancy is where an object 
displaces fluid less than its weight 


"WUWWE"WWETFWEWEWNFWENNUPU"TWEEWE-TENN""uuuuTu" 


on immersed object 


Pld a ET) 


buoyant force is called upthrust also 
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Applications of 
Archimedes' Principle 


A 
~ samen. 


woe 


to determine the 
relative density of 
bone & teeth 


in designing 
ships & submarines 


ale 


certain fish go up & down 
using Archimedes' principle... 
to go up to the surface, fish 
fill their air sacs with gases... 
to go down, fish empty their 
bladder to increase density 
this helps fish to go up & 
down in water 


pq 
8 Ld 
a D 
A: 
Archimedes' Principle 
explains why some bugs can 
walk on water... on the basis 


of this, biometric-walking 
robots can be created 


hot air balloon rises into air 
because density of warm air 
inside the balloon is less than 
cooler air outside... the 
balloon displaces a fluid that 
is heavier than balloon & so, 
a buoyant force act upon it 


OG ___ 


lactometer for 


a ASESIR: LER o* 


hydrometers used 
for determining the 
density of liquids 

are based on this 
principle 


determining purity 
of milk is also based 
on this principle 
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Air moving faster, lower 
pressure; air moves farther 


it is about find 


eamm. l des 
relation between 


both liquid 
speed of fluid & air 


Leading 
edge 


Trailing & its pressure 


edge 


Slow moving air, higher air pressure 


it is about 


Bernoulli's Theorem - 


Drag & Lift effect inverse relationship between 


pressure & speed 


Lift at a point in a fluid 


in horizontal flow of fluid points of higher fluid speed 
will have a less pressure than points of slower fluid speed 


it does not say that fast moving fluids cannot have high pressures 


the carburetor 


works on 
A moving liquid has three types of 
energies: 


the Bernoulli principle 


the faster the air moves, the lower will be its 


© kinetic energy due to its motion 
© potential energy due its position 
© pressure energy when it is subject to 


pressure 
work done by the resultant force on a 


system is equal to the change in kinetic 
energy of the system 


Air moving at 
lower pressure 


static pressure & the higher its dynamic pressure 


RA 


during storm 
Air stopped at 


static pressure R L J 


there is lower 
pressure on the roof 


Flow Velocity 


& higher pressure 


Flow Velocity on the bottom of the roof 


(V1) 
Se 
eee 


- this difference in 
pressure gives the plane 
wings of aeroplanes are made tapering vertical lift in the air 
upper surface is convex & the lower on concave 
so, top air currents have more velocity than those at bottom 


ressure above the surface of wing is less than at the lower surface 


a | 
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Pascal Law 


Hydraulic Press 


the law was 


first stated by 


Blaise Pascal 


the law is about transmission of fluid pressure 


it is known as Pascal's Principle of Hydrostatics also 


the pressure at a point 


in a fluid at rest 


is the same 
in all directions 


* is a branch of fluid mechanics 

* hydrostatics studies fluids at rest in 
Stable equilibrium 

* all type of fluids - incompressible or 
otherwise are studied in hydrostatics 

* it is fundamental to hydraulics 


with increase in pressure at any point in a confined fluid, 
there is an equal increase at every other point in the container 


so, the fluid transmits same pressure in all directions at the same rate 


it is based on the hypothesis that gravitational attraction is same at all points 


hydraulic systems 


* water from artesian well flows under use incompressible fluid 
natural pressure without pumping 

* it occurs from a confined aquifer 

* it happens in case of tilted aquifers, 

* artesian wells are found in Tarai 
region in Uttarakhand in India 


such as oil or water 


it transmits forces from one location to another within the fluid 


hydraulics are used in the braking systems & landing gears in aircrafts 
hydraulic jacks used to lift cars & hydraulic presses in workshops are used 


application of Pascal's principle is in artesian wells, water towers & dams etc. 


Pervious strata po 
Impervious strata gy 


Saturation Level an important 
Artesian Well 


application 
of Pascal's law 


is hydraulic press 


a force (fi) is applied to a small piston of area 'x' on one side 


Artesian Well pressure (f2) is transmitted through a liquid to a larger piston of area "x! 
the force 'f?' is larger than ‘f;' by multiplying factor (see the diagram on the left) 


hydraulic press can increase or decrease the force applied to pistons in this wa 


ee ee Ae ne ke MOI ICT 


Miscellaneous 


Sharp knife Dull knife 


the sharper knife exerts a large pressure 
on the surface due to smaller area of 


contact as 


Pressure = Force/Area 
the dull knife exerts a small pressure on 


the surface due to larger area of contact 


Hydrostatic Equilibrium 

in a star is self-regulating. How? 
Stars achieve hydrostatic equilibrium 
automatically. A star is in hydrostatic 
equilibrium when its gravitational force (due 
to its mass) and gas pressure (due to energy 
generation at its core) are in balance. This 
balance is self-regulating. In case rate of 
energy generation slows down, gravity 
dominates and the star begins to contract. 
More contraction causes more temperature 
and pressure, which leads to higher energy 
generation and the star returns to 
equilibrium again. 


Mass vs. Weight 
Mass is the quantity of matter contained in 


a body. Its value does not change with 
gravity. Its value can never be 'zero'. Mass 
is a scalar quantity. Its unit is kilogram. 


Weight is the force of attraction of Earth 

on a body. Its value changes with gravity. It 
decreases with decrease in gravity and vice 
versa. It is less on equator and more at 
poles. Weight of an object at Moon is one- 
sixth of that on the Earth because 
gravitational force of Moon is less than 

that of the Earth. Weight is a vector 
quantity. Its unit is Newton. 
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: 'Pascal' 
thru à 
St is the force rg ahr 
acting upon the of pressure 


surface of a bod 


perpendicular to it 


‘pressure’ is the thrust per unit area & is equal to thrust/area 


Gravity 4 r a 
Hydrostatic P^ ow 
Equilibrium : 


sd — Ùx 
inversely proportional to 


2 > 
area where force is applied 


if force is constant 


then pressure is 


therefore, cutting tools like knives always have sharp edges 


trucks & vehicles used to carry heavy loads have much wider tyres 


IAU 
forces are balanced International 
if resultant of all forces Astronomical 

Union 


acting on a body is zero 


balanced forces don't change the state of rest or motion of an object 


balanced forces can change shape of an object on which they are applied 


as defined 


: £ gravitation is not 
byISU nep enough to clear its 
dwarf planet is a neighborhood 


celestial body that 


orbits around a star j 
has a smaller gravitation 


has mass which is enough to 
assume hydrostatic equilibrium 


Five dwarf 
planets in our 
solar system 
are Pluto, Eris, 
Makemake, 
Haumea & 

Ceres 


therefore, a dwarf planet is neither a planet nor a satellite 


ra 


a Star is said to be in hydrostatic equilibrium 
when its gravitational & gas pressure are in balance 


in a planet or star, this hydrostatic balance is self-regulating 


—————w — — —— 


Ma 


"aes 


Potential Energy 


à Energy released 


Kinetic Energy 


«e 


* itis the energy of motion 

* an object has its motion (horizontal 
or vertical) because of its kinetic 
energy 

* it is the function of mass & velocity 

of an object 


Potential Energy 


* is the energy stored in an object 

* it exists by virtue of mass of an 
object & its relative position within a 
force field 

* it may be converted into kinetic 


energy or electric energy 


Potential Energy Kinetic Energy 


2 


PE = mgh KE = 1/2 mv 


m : mass ; g : Earth's gravitational acceleration 
h : height ; v : velocity in metres/second 


of which various 
objects in the universe 


there are 


five known 


States of matter 


these are - solid, liquid, gases, plasma & BEC (Bose-Einstein condensates) 


the five states of matter differ in their structures in terms of densities of particles 


Earth's Gravitational Acceleration = 9.8 m/s2 


packed together 


very tightly 


they have less tendency to move away 


therefore, the solids have the least kinetic energy 


solid have fixed shapes & volume and low compressibility 


liquids have 


liquids have cohesive force which 
pulls particles together to form 


definite volume 


drops or streams 
but no definite shape 


in comparison with solids, the liquids have 


higher kinetic energy 


& more compressibility 


force is spread through the liquid in an even manner 


so, an object placed in liquid displaces the liquid particles 


gas molecules are spread sparsely 


gases have kinetic energy higher than liquids 


Density 


a gas neither has a definite volume & nor a shape 
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Matter 


it consists of 


contains neon | contains helium or 


super energetic & 
gas other noble gas 


super excited particles 


the particles are in the form of ionized gases 


BEC 
plasma is not a common state of matter on Earth, Bose-Einstein 
but it is the most common state of matter in universe Condensate 


its highly charged particles have extremely high Kinetic energ 


the noble gases when ionized to the plasma state, make glowing signs 


neon sign bulbs & fluorescent tubes glow because they contain such gases 


Noble Gases 


* are chemical elements in group 18 of 
periodic table 

* are the most stable gases & rarely 
react with other elements 

* they all conduct electricity & all 

fluoresce (glow) 


More about BEC 


* in 2018, NASA produced it in space 

* BEC is the coldest known object in 
space 

* BEC can open scope for new types 

of light based telecommunications & 

optical storage of data etc. 


was created 


Eric Comell W. Ketterle C.Wieman 


by scientists Scientisis who won Nobel Prize 
in 2001 for producing BEC 


in the year 1995 


it was created by Eric Cornell & Carl Wiemann 


BEC was created from rubidium using lasers & magnets 
in the experiment, rubidium was cooled down to absolute zero 
at this temperature, molecular motion comes very close to stopping 


at this Stage, there is no kinetic energy & atoms start clumping together 


thousands of separate atoms clump together to form a single 'super atom' 


Sum 


Because of ‘coherence’ —. 
property of BEC, it is possible- 3 
to treat the whole condensate — 
as one big matter wave — — 


PLASMA . 


Enough energy is added to gas 
particles to produce plasma...after 
energy is added, particle start 
ionizing...atoms of gas Start losing 
electrons...ionization changes the 

' physical properties of the 
substance & it become plasma 


is the lowest possible temperature 


Ne. isa i -whi 
where no heat energy remains in a substance pcc otis 


metallic element of 
alkali metals group 


absolute zero temperature corresponds to - 273.15 "C 


at this, no energy from molecular motion is there for transfer 


Esencia 


: Science & Technology 


SYNGAS 


is a synthetic gas produced by gasification 
of a carbon containing fuel to a gaseous 
product of some heating value...it is a 


Plasma coating is used 


in industry to apply 
ceramic, cermet & metal 


plasma coating 


| 5 WD Ea is a thermal process coatings to provide 
mixture comprising of carbon monoxide, i i i 
carbon dioxide & hydrogen that uses DC electric arc corrosion protecgon 
: this technology is used in contact lens, coronary stents etc. 
Examples of syngas production mH -— 
e gasification of coal emissions [ON Plasma cleaning i ; ERUNT 
* wasle emissions to energy gasification WIENER CER Nee s nen lasma cleaning 
e steam reforming of coke used to remove - nu 3 
organic matter from is used to decontaminate surfaces 
Syngas has 50% of the energy 
density of natural gas surface of an object ———— 
n b Plasma ashing 
| through ionized gas 
1| : . du a process of plasma 
| | Sun & Plasma no harsh chemicals are involved in this process cleaning used to 
" * the Sun is the most intentive & dense so, plasma cleaning is friendly to environment & safe remove carbon 
! State of plasma that emits energy 
* Sun's plasma is so hot that the most 
= energetic charged particles can escape y ; 
from Sun's gravity & fly away in Diss 
space as solar wind operate at a temperature 
of up to 15000°C 
Plasma Antenna - difficult to detect 
7 high powered plasma guns are used to melt any known material 
D * after turning off antenna, plasma —-— 
Y inside it becomes a neutral gas which 
al cannot be detected by radar as radar AUER 
detects metals & not gases Í i ae 
AS kr plasma processing NE AA TAN 
nna can be detecte ; 
a E sy y can be used to (Gujarat) Department 
radar only during transmission of Atomic 
break chemical bonds Energy 


& decompose wastes 


Institute for Plasma Research (IPR) 


* an autonomous institute of under the 
DEA, Govt. of India 

* an internationally known institute for 
plasma research 

* ADITYA - India's 1st indigenously 

built tokamak was designed by IPR 


organic waste is processed into syngas with this 


FUSION  0——*4 
* Fusion is a process 


e it powers Sun & stars 
e in fusion, 2 atoms of 
hydrogen fuse together to 
make an atom of helium 


k 


Medium 
Tokamak is a device that uses a for x-ray laser is 
powerful magnetic field to confine a lasma of hydrogen is heated for nuclear fusion hot plasma 


hot plasma in the shape of a torus 


fusion process occurs within the plasma core of the Sun 
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Matter 


Solidification 


conversion of ice 
into vapour is an 


solid state changes example of this 


in sublimation 


directly into gaseous state 


solid substances absorb heat to convert into gaseous state 


Sublimation 


Condensation States of matter Latent heat of vaporization of water is 


are interconvertible E : zh = Ho kg. JO AS 


Vaporization 


& can be changed 


State of matter can changed with change in temperature or pressure 


Evaporation 

* is a slow process 

* it takes place at the surface 
of a liquid 

* evaporation takes place at 
all temperatures 

* it is fundamental part of 

water cycle 


* a rapid process which takes place 
throughout the mass of a liquid 

* takes place at a definite temperature 
called 'boiling point' 

* boiling point decreases with increase 

in altitude because of low pressure 


it is a process 


by which a solid 
changes into liquid 


by absorbing heat 


this remet is called an endothermic reaction 


M 
4 


ng: 


* it takes more time to cook food at E. 
à E d ; it is a process 
high altitudes because of boiling point 


melting point decreases 
in the presence of 
impurities 


by which a 
liquid changes into 


of H5O being below 100°C 

* boiling point of water increases with 
increase of impurities, so it takes a solid state 
more time for sea water to boil 


solidification is always an exothermic process 


Vapour 


energy absorbed or Boiling point of water = 100 °C or 373 2x 


EDI NIME | Physical date of water at 373 K 
during a phase Pen] VAN RC E gaseous & liquid. 


omie1oduia | 


without change in its temperature 


Latent Heat of heat associated with melting a solid or freezing a liquid is latent heat of fusion 
Vaporization 
heat related with vaporization or condensation is the latent heat of vaporization 


Latent Heat of 
Fusion 


Heat Supplied 


heating of ice to convert it into liquid (water) 


heat energy added to water to convert it into vapour 


cuu CE a rur c RE E EET 


Oxygen 
(1%) 


Helium 
(23%) 


Hydrogen 
(75%) 


Other 
(1%) 


Three most abundant elements in universe 


Other 
(17%) S * 


Aluminum 
(8%) 


Three most abundant elements in 


Earth's crust 


homogeneous mixture of two 
or more substances 


minor component in a 
solution, dissolved in solvent 


Substance 
it is a kind of matter that cannot be 
separated into other kinds of matter 
by any physical process... 
Examples : sugar, salt 


a substance is said to be pure if it 
consists of a single type of particles 
with definite set of properties 


. Silicon 
' (28%) 
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Isotopes 


matter can be classified 


are elements whose atoms 
have different numbers 
of neutrons 


on the basis of 


hysical nature or 
chemical composition 


on the basis of physical nature, it can be solid, liquid or gas 


on the basis of chemical composition, it is element, compound or mixture 


pi 


Hydrogen 
is the simplest element 
with only one proton; 


d 


chemically 


the most abundant 
element in the universe 
at 75% 


elements are 


the simplest substances 


they cannot be broken down using chemical reactions 
tota 


118 accepted 
elements are 
there 


all atoms in an element have the same number of protons 


but atoms in an element can have different number of neutrons 


VES Seawater 
is a mixture 


Gun TEN: mixture sok potassium 
nitrate, sulfur & carbon 


made by mixing 


two or more substances 


Crude oil : mixture of many organic 
compounds 


in any proportion 


substances in a mixture can e separated using methods of filtration, "mem or 
distillation - the physical processes 


in a mixture, individual substances keep their properties: but in case of a compound, 
the properties of individual substances can change 


there is a little or no energy change when a mixture forms 


mixtures have variable compositions & compounds have a definite, fixed 


composition 
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Structure of Atom 


Neutron 


Electron 
Proton 
Nucleus 
an atom consists of 


three fundamental particles 
electrons 
Atomic Number & Mass Number 


* atomic number of an element is equal 
to the number of protons in its 
nucleus 

* the mass number of an atom is equal 
to the number of nucleons (protons & 

neutrons) in its nucleus 


Rutherford's Model of Atom 


* Rutherford's Model of Atom 
proposed that a very tiny nucleus is 
present inside the atom and electrons 
revolve round the nucleus 

* stability of atom cannot be explained 

by this model 


Neils Bohr's Model of Atom 


* itis a more successful model 

* it proposed that electrons are 
distributed between different shells 
with discrete energy around nucleus 

* if atomic shells are complete, then 

atom will be stable & less reactive 


John Dalton 
the person who discovered 
atom in 1802 


Eugen Goldstein 
the man who discovered 
proton in 1886 


protons & neutrons 


in addition to this, there are sub-atomic particles also 


J.J. Thomson 
the person who discovered 
electrons in 1897 


atomic number of an element depends on 
the number of protons in its nucleus 


that exist in x 


nucleus of an atom 


protons are 


positively charged particles 


rotons can be accelerated by electric/magnetic fields 


James Chadwick 


the person who discovered 
neutrons in 1932 


neutrons are 


neutral particles 


with no charge 


Positrons 
positrons are sub-atomic particles; they 
are positive counterparts of electrons; 
they combine with electrons to 
produce gamma rays 


neutrons are extremely dense & stay in atom's nucleus 


neutrons produce deadly radiation when they travel at high speed 


neutron bomb - a very dangerous bomb for lives, is based on this property 
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z ^u 


Isotopes of 


1 Three Isotopes of Hydrogen an element's atoms with E Tranhen d 
® © 'e same atomic number 
; U-238 
pD but different atomic mass 
(© atoms of same element when have different number of U-235 
: 3 neutrons but the same number of protons, are called isotopes 
Protium Deuterium Tritium = 
different isotopes of an element have similar chemical properties 
physical properties of isotopes (density, melting point etc) may vary 


Same mass 


number in are atoms of different 


chemical elements having 


same number of nucleons 


so, isobars differ in atomic numbers but have same mass number 


ut their numbers differ 


in isobars, sum of protons & neutrons is same b 


of neutrons, 
but varying 
protons 


are atoms of 


different elements where 


neutrons' number is same 


number of protons/atomic number/mass number vary in isotones 


1 CH20H 


are two molecules 
(0) : 
with same Hydrogen 
molecular formula 


Ms but differ structurally Parahydrogen 
OH 


isomers contain the same number of atoms for each element 


6 CH20H 6 CH20H 


Molecule structure Molecule structure 
of Glucose of Fructose 


physical properties of each molecule may differ in two isomers 


isomerization 


is a chemical process 
of transformation 


in it, one molecule is converted into another one with identical atoms 


this may occur spontaneously or a reaction may be required to achieve this 


e.g. conversion of butane to isobutane by heating it in the presence of catalyst 


Metals 


Galvanization 


it is the process of coating a thin 
layer of zinc on metals 


this is done to prevent rust as in 
the case of iron 


Currency/Coinage 
Metals 


copper, silver & gold 


* metals get corroded when attacked 
by moisture, acids etc.& the process 
is called corrosion 

* black coating on silver & the green 

coating on copper are the examples of 

corrosion 


Rusting of Iron > >. 


* iron gets coated with reddish brown 
powder in moistened air, this is called 
rusting of iron 

* rusting of iron require both oxygen & 
moisture (water) 

* chemically, rust is called iron oxide 


* it refers to the use of microorganisms 
to extract metals from rock ores or 
mine waste 

* it is also used to clean up sites that 
are polluted with metals 

* uranium, nickel, gold etc are biomined 


Bioleaching Biooxidation 


other minerals are 


metals are directly 
dissolved as in the case of | dissolved & the metal of 
sulfur-bearing minerals interest is left over 
ex: iron & copper ex: gold 
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metal is 
a substance 


that is either 


found in mineral ores Gold is the most 


ductile metal 


or in pure form in Earth's crust 


except mercury (which is a liquid metal), all metal are shining/lusterous 


they silver-grey or golden-yellow in colour & are ductile to be drawn into wires 


metal conduct heat & electricity 


silver is the best conductor & mercury is the bad one 


metals are malleable 


they can be hammered 


to make thin sheets 


antimony & bismuth are its exception as they are brittle 


metals are sonorous 


i.e. they make 
ringing sound when hit 


except gallium & caesium, metals have high melting points 


they can be 
cut with knife even 


lithium, sodium, potassium 


lithium, sodium & potassium are known as soft metals 


metals combine with 
O2 to form basic 
oxides 


are metals that 


react with 
oxygen, acids, water 


potassium & sodium react with oxygen & catch fire 
therefore, potassium & sodium are kept immersed in kerosene oil 


francium is the most reactive followed by cesium, rubidium, potassium 


Were G o s 
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Young's Modulus 


measures the stiffness of metals 


it is the ratio of stress to strain in 
elastic range of deformation 


the greater the Young's Modulus, 
the stiffer will be the metal 


it covers metals as well as alloys 


Reactivity of non-metals 


it refers to the degree to which 
some material is reactive 


non-metals react by gaining 
electrons unlike metals that react 
by loosing electrons 


fluorine is the most reactive 
non-metal 


versatile nature of Carbon 


it enables carbon to form a large 
number of compounds 


carbon compounds are the most 
Stable ones 


Colour of non-metals 


most non-metals are 
colorless or dull red, 
yellow or green; 
carbon, phosphorous, 
selenium & iodine are 
shiny & grey-white 


non-metals are 
chemical elements 


with properties 
different from metals 


except iodine, non-metals are non-lustrous elements 


are poor conductors of heat & electricity 


non-metals are 


brittle in nature 


graphite is an exception 


non-metals are neither sonorous nor malleable or ductile 


non-metals form acidic oxides when they react with the oxygen 


allotropes are 


2 2 different forms 
in which an element can exist 


carbon, oxygen, phosphorus, sulfur, selenium have allotropes 


some allotropes of carbon like diamond, graphite etc. are given hereunder 


a carbon allotrope 
which is transparent 


& extremely hard 


a poor electrical conductor & excellent thermal conductor 


Graphene is an excellent 
conductor of heat & electricity 
& has light absorption 
abilities also 


with single 
layer of carbon atoms 


jit displays properties 
of both metal & 
non-metal 


extremely soft, found in metamorphic & igneous rocks 
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Important Metals & their Ores 


* Chile saltpeter 
* Trona 
* Borax 
* Common salt 


| ^... | * Haemethite 
- | * Lemonite 

‘|e Magnetite 

* Siderite 

=< | Iron pyrite 
| © Copper pyrites 


| e Stibenite 


* Dolomite 
| ° Calcite 

-| * Gypsum 
>| e Fluorspar 
`| * Asbestus 


zh | * Zinc blende 
3 * Copper glance * Zincite 
| © Copper pyrites ‘| * Calamine 


eae |*Strontiante — 1 1 1 |Magnese (Mr 5 * Pyrolusite 
=] * Silestine b » >| * Magnite 
Gold (Ay a `| * Calaverite 
— | e Silvenites 
| e Molybdenite 
o 


Bismuth B) 


; 3 * Carnetite 
<-> | e Pitch blende 


|. | e Smelite 


.| ° Bauxite 
* Corundum 
* Feldspar 

* Cryolite 

| * Alunite 

* Kaolin 


aS -| ° Nitrate(salt peter) 
<- {|° Carnalite 


-| ° Magnesite 
| * Dolomite 

* Epsom salt 
= | * Kieserite 
-| * Carnalite 


| * Cuprite 
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Alloys 


Lustrous, more malleable and ~ 
ductile than copper 


making utensils, electric switches, cartridge cases, 
locks, gears, bearings, door knobs, horns, bells, 
zippers, ammunition casings, valves; for 
plumbing and electrical applications 


Cu = 60 % to 80 % 
Zn = 40 % to 20 % 


for making meter scales,measuring tapes, 
pendulum rods 


Fe 7 63 % 
Ni 7» 36 9$ 
rest carbon 


does not expand 


for making ulensils, cutlery, cut mobile parts 
ornamentals & other common articles 


Fe = 73 9*4 
Cr- 18 96 
Ni 7 81 *6 
rest carbon 


does not corrode by air, water, ` 
acids & alkalies- 


Al= 20% for making powerful magnets 
Fe = 50% 
Ni=20% 
Co=10% 


Light, shining and resistant. - 3 "m 
corrosion ferromagnetic ~ 


Y 


for making picture frames, artificial jewellery, 
guitar strings, ship propellers etc. 


Light, golden yellow colour, 
easily moulded, resistant to 
corrosion ` 4 


Cu = 30 % to 60% 
Zn=25% t035% 
Nz = 15 % to 35% 


used for making artificial silver jewellery, 


malleable and ductile, White . 
; ee decoration pieces, utensils etc. 


as silver . 


Cu=80% 
Zn=10% 
Sn=10-% 


making coins, statues, utensils, bells, 


Hard and brittle = = = 
E ie machine parts 


Cu = 88 % 
Sn=10% 
Zn=01% 
Pb =01 96 


Very hard, gives a good cast cis making barrels of guns; gears, bearing etc. 


- Light, strong and resistant to © | for making aircraft, light instruments beams 
corrosion ^ ^. of balances 

Light Strong, resistant to 
corrosion and ductile 


for making aircraft frames, window, doors, 
truck wheels, etc. 


Sn = 50 % - 60% Low Melting point, unacted by used for soldering purposes 
Pb = 50 % - 40 air and water Ee 
Bell metal Cu = 80 % Hard and brittle, produces for making bells and gongs 
Sn = 20 % ^ - sonorous sound j 
Electrum or it is an alloy of silver The natural form of the metal 
Green Gold and gold -is called electrum 
ALLOY 
an alloy is a homogenous mixture of two or more metals 


or a metal & a nonmetal; Alloying improves the 
property of metals 


Nobel Prize Medals have been made of green 
gold (18 carat) plated with pure gold (24 karat) 


WHY ALLOYING? 
alloying improves the property of metals e.g. pure iron is 
very soft, if it is mixed with carbon (about 0.05%), it 
becomes hard & strong 


Esencia : Science & Technology 


Rare Earth Elements 


Cerium 
the most 


total number of 
it makes them 
expensive to extract & 
process 


abundant 


rare earth elements 


is seventeen 


Promethium 


virtually these include 15 lanthanides plus scandium & yttrium 


absent 


Among Rare Earth Elements 


15 Lanthanides 


samarium (Sm) 


(Pr) (Nd) (Pm) — . 


gadolinium dysprosium : 
GT metano 


thulium (Tm) 


they are 


known for their Rare Earth 
Metals tarnish 
high electrical conductivity TT 


& high density 


their melting point & thermal conductivity is also high 


they are silver, silvery-white or gray metals with a high luster 


in the presence of air, the REEs are subject to oxidation/discoloration 


Rare Earth Metals 
are used in making of 


fuel cells 


so, the Rare Earth Metals are known as 'seeds of technology' 


Metals have 


Monazite wider applications 


monazite is a rare phosphate mineral in the world of technology 


it occurs, usually, in small isolated 
grains - as an accessory mineral in some 
igneous & metamorphic rocks 


they are in use everywhere from the nuclear reactors to smart phones 


it occurs alongwith heavy minerals like 


ilemnite, rutile, zircon etc. an alloy of in India, - 
dysprosium, Monazite is the _ 
it is yellowish brown to reddish brown iron & terbium principal source | 
or greenish mineral of rare earths & — 
with unique properties thorium 
world's most monazite is produced in "E 
offshore water of India, Malaysia, it is used in sonar & other acoustic applications 
Vietnam, Brazil & Sri Lanka ee 22 
Monazite : 
Rare Earth Elements ES xo t 
EXER earth elemen 
rare earth phosphates (monazite) ya are used in lacks heavy rare 
contain uranium & thorium are prescribed making NdY AG lasers earth elements © 


substances & are controlled under 


Atomic Energy Act 1962 NdYAG lasers are used in advanced weapon systems 
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Applications of Rare Earth Metals 


Rare Earth Metal Applications 


* Radioactive tracing agent in oil refineries 
* Televisions and fluorescent or energy-saving lamps 
* Light aluminium-scandium alloys for aerospace components 


e yttria-stabilized zirconia (YSZ) 

e Yttrium aluminium garnet (Y AG) laser 

* YBCO high-temperature superconductors 

* yttrium iron garnet (YIG) microwave filters 

e yttrium vanadate (YVO4) as host for europium in television red phosphor 

* energy-efficient light bulbs (part of triphosphor white phosphor coating in fluorescent 
tubes 

* CFLs and CCFLs, and yellow phosphor coating in white LEDs, spark plugs, gas mantles 

additive to Steel, cancer treatment drugs, rheumatoid arthritis medicines & surgical supplies 


* camera and telescope lenses 
* used to make steel more malleable 

* high refractive index & alkali-resistant glass 

* used in flint, hydrogen Storage, battery-electrodes 

e camera lenses, fluid catalytic cracking catalyst for oil refineries 

* night-vision goggles, to make special optical glasses, including infrared absorbing glass 


e ferrocerium flints for lighters , cerium oxide is used as a catalyst in 
catalytic converters in automotive exhaust systems to reduce emissions 

chemical oxidizing agent, polishing powder, yellow colors in glass and ceramics 

e catalyst for self-cleaning ovens, fluid catalytic cracking catalyst for oil refineries 

e used in iron, magnesium & aluminum alloys, magnets, certain types of electrodes & 

carbon-arc lighting 


e Rare-earth magnets, lasers, core material for carbon arc lighting 
* colorant in glasses & enamels, additive in didymium glass used in welding goggles 
e in creating high-strength metals found in aircraft engines and in flint for starting fires 


e guidance systems, communication 

e ceramic capacitors, electric motors of electric automobiles 

e rare-earth magnets, violet colors in glass and ceramics, didymium glass 

e to make high-powered, infrared lasers for industrial and defense applications 

e neodymium-iron-boron (Nd-Fe-B) magnets are used in automobiles for anti-lock brakes 


What is "white noise'? 


it is a noise that is produced by combining sounds of all different frequencies together; 


since it includes all audible frequencies, so at many instances we hear white noise sounds in without noticing; 
on a rainy day, white noise of rain pelting down on roofs, windows & pavement together; 


e nuclear batteries, luminous paint 
ə used in watches, pacemakers, and in scientific research 


e precision-guided weapons 

e lasers, neutron capture, masers 

e control rods of nuclear reactors 

e "white noise" production in stealth technology 

e permanent magnets that are stable at high temperatures 

e used to treat lung, prostate, breast and some forms of bone cancer 


Thomas Edison 
discovered the 'white 
noise' technology in 1877 


it helps a person 


to have sound sleep by playing background noise & preventing distractions 
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Applications of Rare Earth Metals 


Rare Earth Metal Applications 


* in NMR relaxation agent 
e in lasers, mercury-vapor lamps, fluorescent lamps, 
* to make the special phosphors marks on Euro notes that prevent counterfeiting 


* high refractive index glass or garnets 

* MRI contrast agent, NMR relaxation agent 

e magnetostrictive alloys such as Galfenol, steel additive 

e in X-rays and bone density tests can also use gadolinium 

e in lasers, X-ray tubes, computer memories, neutron capture 

* can target tumors in neuron therapy, assisting in both treatment & diagnosis of cancer 


e used as additive in Neodymium based magnets, green phosphors, lasers, fluorescent lamps 
Terbium * in magnetostrictive alloys such as terfenol-D, naval sonar systems, destabilizer of fuel cells 
- it is so soft that it can be cut with a knife 


DUE * hard disk drives, in nuclear reactors , in modern, energy-efficient vehicles 
SP * as additive in Neodymium based magnets, lasers, magnetostrictive alloys like terfenol-D 


Gadolinium 


e in neutron-absorbing control rods 
e used to give glass & other materials a pink color 
e used in infrared lasers, vanadium steel, amplifiers in fiber-optic data transmission 


e in providing colouring to cubic zirconia & glass 
e used in nuclear control rods & microwave equipment 
e in wavelength calibration standards for optical spectrophotometers, magnets , Lasers 


e portable X-ray machines, metal-halide lamps, lasers 
Ytterbi e in infrared lasers, chemical reducing agent, decoy flares 
PEDE e Stainless steel, stress gauges, nuclear medicine, monitoring earthquakes 


e used in Positron emission tomography — PET scan detectors 
Lutetium * high-refractive-index glass, lutetium tantalate hosts for phosphors, LED light bulb 
e catalyst used in refineries, to reveal age of ancient items, like meteorites, petroleum refining 


Mischmetal i is arare earth alloy 
common omen ior of mischmetal includes approximately 50% cerium und 25% lanthanum with smaller amounts of 
neodymium, bc ue and other trace rare earths 
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Use of Rare Earth Elements 


MAGNETS 
Nd, Pr, Sm (Tb, Dy) 
Motors & Generators, HD Drives, 
Microphones and Speakers, 
Defence Applications, 
MRI 


[em $ of 


GLASS & 


CERAMICS 
Ce, La, Pr, Nd, Gd, Er, Ho 
Polishing media, UV resistant glass, 
Thermal glass, Capacitors, Sensors, 
Colorants, Refractories, Fuel 
Cells, Super-conductors 


Various 
Uses of 
REEs 


f 


/ CHEMICAL 


/ PROCESSES 
/ La, Ce (Pr, Nd) 
Petroleum Refining, Automotive 
Catalysts, Diesel Additive, 
Water Treatment 


Use of Rare Earth Metals 
in Defence 


Satellite Communications, 
Structures in Aircrafts, 
Guidance Systems, 
Smart Missiles, 
Fly-by-wire 


PE Paso | 


Terbium 


Al: Aluminium |LED : Light Emitting Diode 


75 METETTNI 
Gadolinium 


Mg : Magnesium 


METAL ALLOYS 
La, Ce, Pr, Nd, Y 
NimH batteries, Super alloys, 
Al - Mg alloys, 
Steel 


PHOSPHORS 


Eu, Y, Tb, Nd, Er, Gd (Ce, Pr) 


a LED, Laser, Flat Panel Display, 
Fluorescent Lamps, X-ray 


Imaging, Optical Sensors, 
Fiber Optics 
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Carbon Allotropes 


World's Top Diamond Producers 


w , 
re TRITT S s N 
` f p ^ 


diamond is 


known for its diamond is insoluble in water & 


burns in air at about 1173k to 
produce carbon dioxide 


et 
^a 
P. 

* 


hardness, luster, 
rigidity & transparency 
it is not reactive to acids, bases or other reagents 


diamond react with fluorine to form carbon tetrafluoride 


it is bad conductor of heat & electricity as it has no free electrons 


Diamond is used 


diamond is used in glass cutting _ 


on diamond tipped discs 
to cut concrete 

in heavy duty drills for E 

used in jewellery because of its light reflecting effect — oil exploration industry _ 


Why graphite is useful in nuclear as an abrasive 


A wah 9 " B 
application? in sharpening tools 


graphite is useful in nuclear application 
because it has low adsorption of 
© x-rays & 
O neutrons 


used for cutting tools because of its high melting point & hardness 


graphite is highly refractory 
& chemically inert it contains 


graphite has high melting point 
& is a good conductor of heat 
& electricity 


carbon atoms 


Normal 
diamonds are 
formed at high 
temperature & 


in hexagonal 
Tamil Nadu rings which joined 
— (37%) 


Odisha (4%) 4— 


to form layers pressure at 


depths of 140 
to 190 km in 
it burns in air at about 973k to produce carbon dioxide gas Earth's mantle 


Odisha 


graphite is lustrous, opaque & insoluble in water 
(29%) *— 


Jharkhand 
(30%) 
A hit 
Operational Graphite grap E graphene is made from 
Reserves in India is used as an graphite using exfoliation 
method 
India is a major global producer clo tode 
of flake graphite since it is a good 


conductor of electricity 


: ; it is used in pencils & as a moderator also in nuclear reactors 
Diamond Production 


graphite is used as a component of many lubricants because it is slip pery 


Madhya Pradesh is the only 
diamond producing State of India China 
- NL - j ; is the major 
Majhgawan mine is the only mine graphite has free electrons producer of graphite 
near Panna in Madhya Pradesh A : in the world followed 
that produces diamonds at these can shift place carrying charge b a S vi es 
; : y India, Brazi 
industrial scale this property allows it to conduct electrici Mexico 


EN 
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Carbon Allotropes 


Fullerene C 


fullereneas are 


prepared 
from graphite 


at high temperature 


fullerene discovery was rewarded with Nobel Prize 


Graphene the known fullerenes (carbon allotropes) are Go, C70 & Gea 
p SN 21 D f n Coois very popular & stable among the known forms of fullerenes 
SIIRI oR — 
MMC ; 
as ena 1024 r 


Graphene sheet rolled to 
make Carbon nanotube 


was discovered 


in 1985 


Artificial Muscle & consists of 


it is composed of yarn woven with carbon 60 carbon atoms 
nanotubes & filled with wax 


fullerenes are used 
in lubricants also 


in this, carbon atoms arranged in pentagons & hexagons 


utility of artificial muscles includes 
0 Stronger than natural muscles 
© can lift weights that are 200 times 
heavier than natural muslces of same size 


fullerenes are used as catalysts & in drug delivery systems in body 


these are 
carbon nanotubes 


with such a small 


Cam [manometer 
Carbon nanotube 


graphene is deposited onto the solar cell in these, carbon atoms are arranged in a cylinder-like structure 


raphene i lar Cell : 
Oraphene an A RE diameter of about 1 nm 


each carbon atom is covalently bonded with three other carbon atoms 
advantage of 


graphene-based solar cells includes 
0 low cost, low weight & flexible 
Ó can turn virtually any surface into 
a source of electric power 


carbon nanotubes have CNTS are very elastic 


& Strong, not brittle 


high electrical as well as 


thermal conductivity 


: low thermal expansion co-efficient& high tensile strength 
Medical Sensors 


these are highly flexible - can be bent considerably without damage 
various types of medical sensors 
are used for the purpose of 
monitoring the level of nitrous oxide in 


bloodstream 
0 detecting proteins that indicate the 
presence of oral cancer 
0 spirometers to measure the volume of air 
insired & expired by lungs 


used in medical sensors other uses of CNTs 


— include 
development of artificial muscles : 


in drug delivery directly to problem area 


they are used as semi-conductors in electrical signals 


= 


— — —REÉmmE- 


Graphene 


Allotropes of Carbon 


Mf amorphous eon | 


graphene is a 


thin layer 
E of pure carbon 

full in 1985 
[4| fullerenes (in 1985) | discovered in 2004 


[5| nanotubes (in 1991) 


E graphene (in 2004) . 


3-D Graphene Batteries the thinnest 


known compound 
these are 3-D printed 'super batteries' 


made from graphene ink only on atom thick 


graphene has its suitability for use in 


& insoluble in water 


Andre Geim (left) 

& Konstantin Novoselov (right) 
the two won Nobel Prize in 2010 
for discovery of graphene 


batteries because of its impressive has possibly the highest melting temperature in nature 


conductivity 


so far, the challenge was that relatively 
small surface area of graphene affect 
its Storage capacity 


See 


by 3-D printing, layers of graphene are 

assembled on top of one another; thus 
maximizing the surface area to 

increase storage capacity several new features 


graphene 
could present 


the lightest material known & the strongest compound discovered 


graphene is excellent heat conductor & the best known conductor of electricity 


£ it enables fabrication of A 


all graphene battery with B 
an ultra high energy 


for energy storage devices 


it includes smaller capacitors & flexible energy Storage devices 


Kevlar high capacity & fast charging devices and 3-D printed graphene batteries 


'kevlar' is a synthetic fiber 
made from plastic 


it is a high strength material : 
developed in 1965 as graphene is 

highly inert substance 

‘kevlar’ was first used commercially in 


f so, it can act 
1970s replacement for steel in racing tyres 


Carbon 


carbon is the 2nd most abundant mass 
within human body 


it is used in 


it is the 4th most abundant element in the electronic devices like 
universe after hydrogen, helium & oxygen 


as a corrosion barrier 


foldable televisions etc. 


so, it forms chemical basis of life on Earth as substitute of Kevlar in protection clothing 


Graphene 


is known as wonder 
material 


between oxygen & water diffusion 


due to this property, it can help in making corrosion-resistant vehicles 


due to it Strength 
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Graphene 


drug 


delivery 


without technology, 
mass production of quality 
graphene is impossible 


though graphene 
has wider applications 


cancer 


medical but it is not 


therapy sensors 


free from challenges 
the challenges include high cost & lack of techniques 


it is difficult to maintain quality during its large scale production 


Bio-Medical Applications 
of Graphene 


but the toxicity profile of graphene is 


yet to be investigated properly graphene is 


a good conductor 


A " 
Bottom-up Method of of electricity... why? 


Graphene Production this is because graphene has free more free electrons 


uses chemical vapour deposition scheme & 
assembles carbon atoms to create 
monolayers structure 


allows to produce monolayer of 
graphene directly on copper 
or nickel substrate the strongest 


graphene is 


& the lightest material 


electrical attraction between carbon atoms is strong 
Top-down Method of 


this is th i : 
Graphene Production i is is the main source of strength for both graphene & diamond 


graphite is exfoliated until a single layer 
of graphene is obtained 


graphene is the 
this is best approach for producing 


defect-less graphene latest addition 


to the family of 


this is element of 
hydrogen 


graphite has millions of graphene 


monolayers stuck together fullerens & nanotubes 


es 


Use of Graphene in 
water filtration system 


it allows water to pass through it 


each carbon atom has 


i t allow other liquids & gases 
iM : four outer electrons 


pass through it 


it makes its potential use in water 
purification systems 
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Removal of Sulphur 
from fossil fuels 


Efficiency of India's coal based 
power plants compared with 


global best standards sulphur is a 


chemical element 
which is non-metal 
sulphur is combustible & yellowish in color 


sulphur is a constituent of petroleum & many other minerals 


73 PES 


its various sources include 


volcanic deposits 


ill effect of sulphur dioxide A 
sedimentry deposits 


* creates respiratory problems 

* harms plants by damaging foliage & 
decreasing growth 

* SO» in atmosphere causes acid rain 
which is injurious 

* causes severe haze also 


Sulphur dioxide pollution in India 


* India is emerging as world's largest 
emitter of sulphur dioxide 

* since 2007, India's emission of SO? 
has gone up by 50% 

* this is due to the heavy dependence 

of India on fossil fuels for energy 


* oxytocin is a hormone 

* acts as a neurotransmitter in the brain 

* the hormone has major role in 
reproduction among living beings 

* it is called social hormone also as it 

increases the urge for sociability 


burning of various fossil fuels 


it is also obtaining from smelting of metals like copper 


sulphur is used 


as ingredient in making 


matches 


fertilizers 


& gun powder 


as an antiseptic & fungicide also 


sulphur is a major plant nutrient - important for plant growth 


it is a good soil conditioner & helps reduce the sodium content in soil 


sulphur plays important role 


in chemical processes 


that forms basis of life 


a scientist in 1953 


isolated sulphur in 
various compounds & oxytocin 
succeded in producing oxytocin by artificial means 
the scientist Vincent du Vigneaud won Nobel prize in 1955 on this 


so, sulphur is an important element...but its excess in atmosphere is a curse 


ee E a 
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Removal of Sulphur 
from fossil fuels 


Change in Sulphur Dioxide 
emission since 2007 


CSIR & IMMT scientists 
have found the way of 


removing sulphur from fossil fuels 


the biological process of removing sulphur is eco-friendly & economical 


RS 


sulphur is 


emitted when 


fossil fuels burn 


a major pollutant in many forms 

* Council of Scientific & Industrial 
Research 

* India's largest R&D organization 

* was established in 1942 

* is an autonomous body funded by 

Ministry of Science & Technology 


* a precipitation with acidic 
components 

* may contain nitric acid or sulphuric 
acid 

* possesses low pH value of $5.2 

* affects Structures & biodiversity 


: Fossil Fuels 


* are important, conventional & non- 
renewable sources of energy 

* are made from the accumulated 
remains of living organisms 

* hence, they are rich in carbon 

* coal, oil, natural gas are fossil fuels 


its concentration in atmosphere causes acid rains 


sulphur creates many other environmental hazards also 


the scientists used 
4 bacterial strains 
to remove sulphur 
the bacteria consumes an organic sulphur compound from fossil fuels 


& this way, the fossil fuels are freed from contamination by the sulphur 


dibenzothiophene 


an organic sulphur compound 
occurs in fossil fuels 


dibenzothiophene is a major contaminant of fossil fuels 


the 4 strains of bacteira used 


Arthrobacter sulfureou 
Gordonia rubropertincta 
Rhodococcus rhodochrous 


& Rhodococcus erythropolis 


these bacteria consume & metabolize dibenzothiophene 


re? — —— — ——— 
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Arsenic Poisoning 


a naturally occuring 


solid substance 
found in Earth's crust 
it is a metalloid - not exact metal but behaves as metal 
it is a poisonous element used in herbicides & pesticides 


arsenic is highly toxic to humans & has carcinogenic properties 


- % of population drinking 
arsenic-contaminated water 


* arsenic poisoning, in medical 
terminology, is called arsenicosis 

* occurs when arsenic accumulates in 
body in large concentrations 

* it inhibits essential enzymes in body 

& may cause death even 


Is boiled water free from arsenic? . 


* no, boiling of water does not make it 
arsenic-free; infact, its concentration 
increases in boiled water 

* volatile substances can be removed 
from water by boiling it 

* arsenic is not a volatile substance 


` Volatile substance 


* volatile substance is a substance that 
has tendency to vaporize 

* such a substance is readily 
transitioned from liquid to a gaseous 
State 

* iodine is volatile, table salt is not 


according to reports 


~239 million people 
in 21 States in India 


are drinking arsenic 
contaminated water 


Uttar Pradesh has the largest number of such people 


even WHO warned against the effects of arsenic exposure 


Arsenicosis 


long-term intake of arsenic poisoning 


is called arsenicosis 


arsenic contaminated water 


causes arsenicosis 


it may cause cancer, hypertension & affect blood vessels 


long-term arsenic intake may cause reproductive disorders also 


intake of arsenic-contaminated water may cause onset of diabetes also 


Arsenic 


in its inorganic 


no, arsenic occurs Lr J 
2 form is highly toxic 


naturally in groundwaters 


of many countries 


inorganic arsenic is natually present in groundwaters of 
India, Bangladesh, China, Chile, Argentina, Mexico & US 


value of arsenic in water above 10}1g/I is considered harmful - WHO 
~140 million people worldwide are drinking water above 10ug/l of arsenic 
in Bangladesh arsenic was found in high levels in well-waters of the count 


waters in some regions of the world have arsenic presence above 50-100Hg 


$i? 
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Arsenic Poisoning 


Why arsenic concentration is higher in 
Ganga-Brahmaputra Deltaic regions? 


Ganga Delta region 


two important points to be noted 
before the discussion: 


POINT 1 


iron compounds from Himalayan 
region were transported to deltaic 
region by the rivers 


is the most affected 


in Indian sub-continent 


the problem is very acute in West Bengal & Bangladesh 


scientist now agree on arsenic source in theGanga Delta region 


1st known case of arsenic poisoning in India occured here in 1983 


the deltaic region is rich in wetlands 
where bacterial activity is faster on 
decaying vegetative matter 


Long-term consumption of 
arsenic may cause 


15 skin: Warts 

discoloration 

Qu ECH 
; Cancer 
disease 
diseases 


THE PROCESS anthropogenic sources 


agrochemicals 


Arsenic dissolved in water got 


: SEA wood preservatives 
adsorbed onto iron dioxide particles P 


processing of minerals 


burning of fossil fuels etc. 
natural sources 


leaching 


arsenic leaching & percolation in soils 


Layer by layer deposition of 


R leaching of ambient arsenic in groundwater 
particles formed sedimentary rocks E = 


so, arsenic exposure sources include both natural & anthropogenic 


Arsenite 


a programme : 7 
is the most toxic 


form of arsenic. 


initiated by 


Bacteria acting on decaying matter 
use O2 from iron oxide rocks & set 
free the iron & arsenic 


West Bengal government 


to provide arsenic-free water in arsenic affected areas 


the government has target to provide so by the year 2020 


under the programme, water will be extracted from the river 


the extracted water will be treated in the most advanced plants 


Funds for Vision-2020 
Arsenic thus freed is leached into a a 
the groundwater & soils the fund will comes from 


State government contribution 


support from Asian Development Bank 


JICA - Japan International Cooperation Agency 


fund from three sources will come for removal of arsenic from water 
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Arsenic removal methods 


Actual 


WH India India 


* Japan International Cooperation 
Agency 

* an agency of government of Japaan 

* the agency works to assist in social & 
economic growth in various 
developing economies 

* works for the Government of Japan 
to promote international cooperation 
also 

* with its HQ in Tokyo, the agency was 
established in 2003 

* JICA is funding many projects in India 
also including Mumbai - Ahmedabad 
bullet train project 


Ganga-Brahmaputra Delta 


* is a river delta formed by Ganga & 
Brahmaputra rivers 
e the delta is famous in the name of 
Sunderbans Delta 
* world's largest river delta is spread 
over Bangladesh & India's State of 
West Bengal 
* India's Kolkata port falls in this 
deltaic region 
e this region forms one of the most 
fertile lands in the world 
e it is characterized by one of the 
densely populated places in the world 
* the larger part of the delta falls in 
Bangladesh 
* mangroves is another feature of this 
region 
* Ganga river dolphin - an endangered 
species is found here 


adation m C 
this method is to 
convert arsenite 
into arsenate 
arsenite is oxidised by O2, HCIO, HMnO4 & H202 


air oxidation of arsenic can be catalyzed further by bacteria 


O5 - Oxygen 
HCIO - Hypochlorite . - 
HMnOA4 - permanganate 


H305 -Hydrogen peroxide : 


in this method 


metal hydroxide is used 


it is water insoluble 


water soluble arsenic 


adsorbs to the 


extenral suface of metal hydroxide 


this is considered an effective technique for arsenic removal 


2553 


Arsenic 
concentration in water 
in this, ferric chloride/alum 


varies with the season 


are dissolved into water 


coagulated flocs occur 


arsenic is adsorbed onto the surface of coagulated flocs 


it is then removed by the process of sedimentation/filtration 


Chemicals used in arsenic 


A a removal process 
it is similar to 


e alum e ferric chloride 

e ferric sulphate e aluminium 
e potassium permanganate 

e lime e sulphate 


coagulation with - 


metal salt 


hydrated lime is used in this method 


it acts as a flocculent agent for the arsenic 


arsenic coagulates with the flocs & is removed 


Each CSIR-capsule contains 


mixture of co-precipitating 
& absorbing chemicals 


for domestic removal of arsenic from water 


CSIR has developed capsules 


after adding capsule, water is stirred, allowed to Stand & filtered 


— rm c c 
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World's Thinnest Material 


Radiation inevitably present in environment 


A. Cosmic rays B. Buildings & ground 
C. Radon gas from ground D. Food & drink 
E. Artificial sources 


developed by Indian scientists of 


IIT Gandhinagar 


world's thinnes material 


100000 times thinner 
than a sheet of paper 


it is a two-dimensional material 


of just one-nanometer thickness 


invisible to naked eye 


What is two-dimensional material? 


* is a substance in which electrons are 
free to move in two-dimensional 
plane 

* such substances have thickness of a 
few nanometers or less even 

* graphene is an example of this 


. Magnesium diboride SM 


* is a superconductor material 

* is synthesized by high temperature 
reaction between boron & magnesium 
powder 

* its applications include coating of 

wires to reduce energy loss 


* radiation is energy that travels from a 
source through space or other 
mediums 

* beyond ultraviolet radiation can 

cause damage to matter particularly 

to living tissues 


& has never existed before 


the newly developed material can 


absorb radiation selectively 


so, can be used for developing 
transparent UV absorbing films 


be used as engineering hydrogen storage materials 


this material can be useful for 
storing energy 


generating green energy 


also, the material can be applied in developing 
catalysts & 


next generation batteries 


boride compund is dissolved in water 


& then allowed to recrystallize 
for just the right duration of time 


the nanosheets are thus made of boron atoms arranged in a honeycomb shape 


e mp E MUI 
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Deuterium Depleted Water 


less in cold climates, 
more in winter 
EU more in ocean water, less in 
fresh water 
its concentration decreases 
with increase in altitude 

Distance less in inland waters, more 

from sea near coastline 

Far from more in equatorial waters, 

equator decreasing polewards 


What is Heavy Water? 


* water where the hydrogen is 100% 
deuterium 

* it is D20 (deuterium oxide) 

* it is used as coolant & neutron 

moderator in pressurised heavy 

water reactors 


Heavy Water Board 


* is a constituent unit of DAE 

* is the largest producer of heavy 
water in the world 

* beside this, it does energy audits and 
produces deuterium depleted water 

also 


water with 


lower concentration of 


deuterium in it 


lower than 120 ppm 


deuterium depleted water is called light water also 


India has become 


its biggest producer 


Heavy Water Board is the producer of deuterium depleted water in India 


deuterium occurs 


naturally in water 


its higher concentration in water 


affects enzymes 
hinders DNA repair 
& subsequently damage DNA 


use of deuterium depleted water 


has curative effect on body 


prevents degenerative diseases like cancer 


delays ageing as it is related with errors in DNA 


it speeds up recovery among cancer patients & cuts dowm chemohrapy dose 


DDW 
Deuterium 


Depleted 
Water 


* Department of Atomic Energy, 
Government of India 


* was set up in 1954 

* it is under the direct charge of the 
Prime Minister 

* works to develop nuclear technology 


it Is non-radioactive in virgin form 


is one of the THREE isotopes of hydrogen _ 


rotium, deuterium & tritium 
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Important Acids & Bases 


Acids Use Bases Use 


To manufacture soap, 


For eye washing or as an antiseptic NaOH 


(Sodium paper; petrol refining ; in 
Hydroxide) laboratory 
Caustic soda 


To manufacture soft (bathing) soaps 
& Alkaline batteries 


As table vinegar or in cooking 


KOH (Potassium 
Hydroxide) 


In food preservation or in soft drinks To prepare bleeching powder; 


to soften hard water 


Ca (OH) 
(Calcium 
Hydroxide) 


Used as an antacid 


As a component of baking powder Mg (OH)2 


(Magnesium 


Hydroxide) 

Carbonic acid In soft and flavoured drinks NH,OH To remove grease from clothes 
(Ammonium 
Hydroxide) 


As ink stain remover; 
cleaning or bleaching, especially for the 
removal of rust 


Al (OH); 
(Aluminium 
Hydroxide) 


Used as foaming agent in fire extinguishers 


Hydrochloric acid 


NaCO; (Sodium 
carbonate) 
Washing Soda 


used in glass, soap & paper industries; used 
as cleansing agent for domestic purpose; 
used for removing permanent 
hardness of H 20 


For cleaning metallic items; 
for production of dyes, drugs, paints, 
photographic chemicals; in preparation 
of aqua-regia for dissolving metals like 
gold & platinum 


NaHCO; (Sodium 
bicarbonate ) 
Baking soda 


In preservation of food; 
in making of perfumes 
& medicines 


For making baking powder ; 
as an ingredient in antacids; 
used in soda-acid fire-extinguishers 


Benzoic acid 


Phosphoric acid 


Calcium 
hypochlorite 


In explosives; in fertilizers; in purification Sanitizer; disinfectant 


of silver & gold 


Hydrated iron 
(III) oxides 
Fe203.nH20 


In fertilizers; used to acidify foods & 
beverages for a tangy or sour taste 


Compound 


Common Salt : NaCl 
(Sodium Chloride) 


Sucrose, or table sugar 


(C12H22011) 


Bleaching Powder: CaOCl; 


Sodium thiosulphate 
Na2S,03 


Potash alum (potassium 
aluminium 

sulphate)K ? SO4AlI2(SO4)5. 
24H20 


Potassium nitrate(KNO;) 
(it is one of several 
nitrogen-containing 
compounds collectively 
referred to as saltpeter) 


(Gypsum) 
CaSO,. 2H 20 


Green vitriol (ferrous 
sulphate) FeSO 4.7H2O 


Borax Naz B407. 10H 20 


Quick Lime (Calcium 
oxide) CaO 
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Important Chemical Compounds 


Uses Compound 


used as table salt Silica (silicon 
dioxide) SiO2 


sucrose is a chemical name for table TEL 
sugar, which can appear as white (Tetra ethyl 
(purified) or brown sugar; used as lead) 
sweetener 


Plaster of Paris:~ 
CaSOq4.1/2H20 


for bleaching cotton & linen ; 
for bleaching wood pulp in paper 
factories; for bleaching washed 
clothes in laundry; For disinfecting 
drinking water 


used in photography; used to treat 
cyanide poisoning 


RDX C3 H6 N6 O6 


used as styptic (to check bleeding) Silver iodide 


AgI 


used in fertilizers, rocket 
propellants & fireworks; It is one of 
the major constituents of 
gunpowder (blackpowder) & used as 
a food preservative 


Diborane Bz Hg 


Slaked lime 
(Calcium 
hydroxide) 
Ca(OH) 


added to cement to increase its 
setting time 


given to anaemic Dry ice (solid 
patients,preparation of blue black carbon dioxide) 
ink for writing; as insecticide;used to CO, 
fortify foods and to treat and 
prevent iron deficiency anemia; It is 
on the WHO's List of Essential 
Medicines 


impart glazing on paper, carom Chloroform 
powder (Tri-chloro 
methane) CHCl4 


Chalk(Marble, 
lime stone) 
Calcium 
carbonate CaCO; 


basic lining in furnaces 


exists in sand, flint, quartz, opal 


added in gasoline (petrol) to increase 
its octane number 
(higher the octane number 
better is the fuel) 


used for making toys, material for 
decoration; for making surface smooth; 
For fixing the broken bones 


as an explosive 


used for artificial rain 


used as rocket fuel; - 
as a doping agent for the production of 
semiconductors; used to coat the walls 
of tokamaks to reduce the amount of 
heavy metal impurities in the core 
plasma 


used for white washing 


it is soft white snow like substance; used 

as a refrigerant under the name drikold ; 

useful for preserving frozen foods where 
mechanical cooling is unavailable 


it is a powerful anesthetic, euphoriant, 
anxiolytic and sedative when inhaled or 
ingested 


used for writing; 
In agriculture, chalk is used for raising 
pH in soils with high acidity 


Important Chemical Compounds 


Compound Compound 


Epsom salt (Magnesium | used as purgative to clean the stomach; Calcium forms stones in gall bladder; tooth 
sulphate) used in the cotton industry for soaking phosphate enamel is formed from it 
cotton threads bofore final spinning 


Aqua regia can dissolve gold and platinum Silver Nitrate used in photography to prepare silver 
(Royal water) (AgNO3) bromide; used for making hair dyes 
conc. HCl+conc. HNO also known as 

in the lunar Caustic 

ratio 3:1 


Water gas Hy+CO used as fuel Formaldehyde used as preservative for biological & 
anatomical specimens; in silvering of the 
mirrors 
Producer gas N2+CO used as fuel Coke gas used as fuel 
CH4*H*CO 


Mustard gas or Sulfur form large blisters on Laughing gas used for purpose of causing euphoria 
mustard exposed skin and in the lungs; (nitrous oxide) and/or slight hallucinations; used as an 
(war gas) Mustard agents are regulated under the N20 oxidizer in rocket propellants, and in 
1993 Chemical Weapons Convention motor racing to increase the power 
output of engines; major scavenger of 
stratospheric ozone 


Sarin gas weapon for mass destruction Calcium oxalate forms stones in kidneys 
(nerve gas) 


Trinitro Toluene an artificially made explosive Formaldehyde used in as preservative in biology 
(TNT) laboratories to preserve specimens 


Teflon insulating material Diethyl ether a liquid used as anaesthetic 
(C2H5)20) 
DDT 


it is an insecticide. Dimethyl nail polish remover 


(Dichloro Diphenyl ketone 
Trichloro methane) (acetone ) 


Methyl methoate essence of pears soap Sodium fluoride used in toothpastes 
(NaF) 


Ethanol active ingredient of all the alcoholic Sodium iodide is added to salt 
(ethyl alcohol) drink; used in medicines such as tincture (Nal) 
iodine, cough syrups and many tonics 
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Minerals/Elements & Their Uses 


MINERALS 


e it is used in fireproof fabrics, yarn, cloth, paper & paint filler 
* asbestos is a set of six naturally occurring silicate minerals that can be readily separated into thin, 
Strong fibers that are flexible, heat resistant & chemically inert & has sound absorption properties 
* is used to make friction products, asbestos cement pipes and sheets, coatings and compounds, packing 
& gaskets, roofing & flooring products, paints & caulking (seat joints) & chemical filters 
e inhalation of asbestos fibers can cause serious illnesses like lung cancer & asbestosis 


* emerald & aquamarine are the gemstones of beryl, a beryllium mineral 
* beryllium salts are used in x-ray tubes & as a deoxidizer in bronze metallurgy 
* beryllium, an element ( associated with igneous rocks), has industrial and nuclear 
defense application & is used in light, very strong alloys for the aircraft industry 
berylliosis is an occupational lung disease 


* bromine is the only liquid nonmetallic elements 
* large amounts of bromide salts are toxic, causing bromism 
* bromine, recovered commercially through the treatment of seawater brines 
* is used in leaded gasoline, fire extinguishers and retardants, and sanitary preparations. 


* the primary use of calcium is not in its silvery-white metal form, but as calcium carbonate 
* common calcium-bearing minerals include apatite (calcium phosphate), calcite (calcium carbonate), 
dolomite (calcium magnesium carbonate), fluorite (calcium fluoride) & gypsum (calcium sulfate) 
* immense quantities of calcium are found in sedimentary rock deposits of gypsum, limestone & shale 
e it used in adhesives & sealants, cosmetics, foods, paint, paper, pharmaceuticals, plastics, rubber, for the 
production of lime, and as crushed stone in construction 


* cement is used for building materials 
* it a mixture of powdered lime, clay & other minerals that crystallize to form a hard solid when water is 
added (hydraulic cement) or as a binding material in concrete 
Portland cement is the most common type of cement in use around the world 


chromium is obtained from the ore mineral chromite 
it is used in the production of stainless & heat-resistant steel, full-alloy steel, super alloys and other alloys 


* other uses of cobalt metal include magnets and cutting tools 
* cobalt is obtained from the ore minerals Linneaite & Cobaltite 
* cobalt salts are used to produce a blue color in paint pigments, porcelain, glass & pottery 
* half of the consumption of cobalt is used in corrosion- and abrasion-resistant alloys with steel, nickel 
& other metals for the production of industrial engines 


* diatomite is used for filtration of drinks, such as juices & wines 
e used in pharmaceuticals and environmental cleanup technologies 


* diatomite is a near pure sedimentary deposit consisting almost entirely of silica 
diatomite (diatomaceous earth) is fossilized remains of diatoms (single-celled aquatic algae) 


e fluorite is used in production of hydrofluoric acid, which is 
used in the pottery, ceramics, optical, electroplating & plastics industries 
e it is also used in the metallurgical treatment of bauxite, and in metal smelting, in carbon electrodes 
electric arc welders & in toothpaste as a source of fluorine 


* garnet sand is also used for water filtration media 
* garnet is a group of silicate minerals used as gemstones & abrasives 
* garnet is used in water filtration, electronic components, ceramics, glass, jewelry 
& abrasives used in wood furniture & transport manufacturing 
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Minerals/Elements & Their Uses 


Bie Siok se ee ER 


MINERALS USES 


5 e graphite is a naturally-occurring form of crystalline carbon 
e it is a native element mineral found in metamorphic and igneous CE, : 
* it is used as a dry lubricant & steel hardener and the production of "lead" in pencils 


* used to manufacture heat and chemical resistant containers and other objects & as battery anodes 


e gypsum is a soft sulfate mineral composed of calcium sulfate dihydrate 
e used in industrial or building plaster, prefabricate wallboard, cement manufacture, blackboard chalk , 
in agriculture, in baking as a dough conditioner, reducing stickiness & asa source of dietary calcium 


* halite known as rock salt, a type of salt, the mineral (natural) form of sodium chloride 
e halite (salt) is used in human & animal diet, primarily as food seasoning & as food preservation 
* to prepare sodium hydroxide, soda ash, caustic soda, hydrochloric acid, chlorine & metallic sodium 
* used in ceramic glazes, in metallurgy, curing of hides, mineral water, soap manufacture, water softeners, 
photography & scientific equipment for optical parts; used for winter road treatment 


e iodine is used as an antibacterial agent in soaps & in cleaning products 
e used in iodized salt to prevent goiter & it is essential in the synthesis of thyroid hormones 
e used as an antiseptic; at levels of 2 ppm, iodine is immediately dangerous to life and health 


is extracted from its ores - Galena 
e used in weights, tubes or containers, white paints, leaded gasoline 
e lead is used in batteries, construction, ammunition, television tubes, nuclear shielding, ceramics 


e a sedimentary rock consisting of minerals calcite & 
aragonite which are different crystal forms of calcium carbonate 
e limestone, along with dolomite, is one of the basic building blocks of the construction industry 
e limestone is used as aggregate, building stone, cement & lime and in fluxes, glass, refractories, fillers, 
abrasives, soil conditioners 


ə batteries made from lithium metal or lithium carbonate 
are used in smoke alarms, pacemakers, defibrillator machines, in portable 
medical equipment & in emergency communications equipment, in computers & cell phones 


e magnesium is obtained from the ore minerals Olivine, Magnesite, & Dolomite 
e used in cement, rubber, paper, insulation, chemicals and fertilizers, animal feed & pharmaceuticals 


MAGNESIUM 
MANGANESE 


MERCURY 


e manganese is essential to iron and steel production 
e manganese is obtained from the ore minerals Braunite, Pyrolusite, and Psilomelane 


e mercury is extracted from the mineral cinnabar 
e is used in electrical products, electrolytic production of chlorine and caustic soda 
. : : 1 : 
paints and industrial & control instruments (thermometers and thermostats), in luorescent lamps 


e mica minerals commonly occur as flakes, scales, or shreds 
* the commercially important micas are muscovite and phlogopite 
e sheet muscovite (white) mica is used in electronic insulators, paints as joint cement 


e as a dusting agent, in well-drilling mud and lubricants, and in plastics, roofing, rubber, and welding rods 
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Minerals/Elements & Their Uses 


MINERALS 


MOLYBDENUM 


NICKEL 
PHOSPHATE 
ROCK 
PLATINUM 


POTASH e potash is a group of water-soluble salts containing the element potassium & ores containing these salts 
e used in fertilizer, medicine, chemical industry & to produce decorative color effects on brass, bronze, nickel 
* potassium carbonate is used to produce animal feed supplements, cement, fire extinguishers, food products, 
photographic chemicals, & textiles, in brewing beer, pharmaceutical preparations, in rubber manufacturing 


pyrite (fools gold) is an iron sulfide 


* it is commonly used to make automotive parts, construction equipment 
* in metalworking dies & furnace parts because of its high melting temperature (2,623*C) 
* in gas transmission pipes & as pure metal molybdenum is used as filament supports in light bulb 
e in stainless steels (21%), tool steels (9%), cast iron(7%),chemical lubricants(8%), other applications (55%) 
* Molybdenum - bearing enzymes are most commonly used as bacterial catalyst in biological nitrogen fixation 


e nickel is vital as an alloy to stainless steel 
e it plays a key roll in the chem-ical and aerospace industries 
* used in stainless steel, alnico magnets, coinage, rechargeable batteries, electric guitar strings 
* in microphone capsules, plating on plumbing fixtures and special alloys such as permalloy, elinvar & invar 


primarily a sedimentary rock 
e used to produce phosphoric acid & ammoniated phosphate fertilizers 
e as feed additives for livestock, elemental phosphorus & a variety of phosphate chemicals for industrial 
& home consumers; anti-corrosion agents, cosmetics, fungicides, ceramics, water treatment and in metallurgy 


e is highly valuable and is a major precious metal commodity 
e used in catalytic converters for the control of automobile & industrial plant emissions 
e it is used in jewelry; in catalysts to produce acids, in organic chemicals & in pharmaceuticals 
* in dental alloys used for making crowns & bridges; platinum resistance thermometers, electrodes 
* Compounds containing platinum eg. cisplatin, oxaliplatin & carboplatin, are used in cancer chemotherapy 


e is used in the manufacture of sulfur, sulfuric acid & sulfur dioxide 
pellets of pressed pyrite dust are used to recover iron, gold, copper, cobalt, and nickel 


e quartz crystals are popular as a semiprecious gemstone 
e crystalline varieties include amethyst, citrine, rose quartz, and smoky quartz 

e due to its piezoelectric properties ( ability to generate electricity under mechanical stress), 

quartz is used for pressure gauges, oscillators, wave stabilizers, in phonograph & resonators 


e Quartz is also in the manufacture of glass, paints, abrasives, refractories & precision instruments 
quartz is a mineral composed of silicon & oxygen atoms 


sandstone is a sedimentary rock composed of sand-size grains of mineral, rock, or organic material 
e sandstone is used as a building stone, road bases & coverings, construction fill, concrete, railroad ballast 


silicon is a chemical element 


e silicon dioxide (SiO?) is known as silica 
e used in the manufacture of computer chips, glass and refractory materials, 
e in ceramics, abrasives, water filtration, a filler in cosmetics, pharmaceuticals, paper 
e as an anti-caking agent in food; a flatting agent in paint, as a thermal insulator, in insecticides 
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Minerals/Elements & Their Uses 


MINERALS 


e found in the Earth's crust in the pure, free elemental form , 
* found as an alloy with gold & other metals & in minerals such as argentite & chlorargyrite 
e used in photography, chemistry, electrical & electronic products (due to its high conductivity) 
e used in fine silverware, electroplated wire, jewelery, coins, & brazing alloys and solder, in bullion coins 


e sulfur is used as an industrial raw material 
e it is used in matches, insecticides, and fungicides 
sulfuric acid production is the major end use for sulfur 
e it is of importance to every sector of the world's manufacturing processes, drugs & fertilizers,oil refining 
e disulfides, S-S bonds, confer mechanical strength & insolubility of protein keratin, found in outer skin 


* a mineral composed mainly of the elements magnesium, silicon, and oxygen 
e the primary use for talc is in the production of paper, Ground talc is used as filler in ceramics, paint, paper, 
roofing, plastics, cosmetics &in agriculture; found in many common household products, such as talcum 
powder, deodorant, Very pure talc is used in fine arts & called soapstone, used to carve figurines 


; e tin is used in the manufacture of cans and containers, electrical equipment, and chemicals 


e titanium is a metal used mostly in jet engines, airframes & space and missile applications 
e in powdered form, it is used as white pigment for paints, paper, plastics, rubber & other materials 


e it is mined as the primary source of sodium carbonate 
e trona is used in glass container manufacture, fiberglass, specialty glass, flat glass, liquid detergents, medicine, 
food additives, photography, cleaning and boiler compounds, and control of water pH 


e tungsten is used in steel production, metalworking, cutting applications, construction electrical machinery 
& equipment, transportation equipment, light bulbs, carbide drilling equipment, heat and radiation shielding, 
textile dyes, enamels, paints, and for coloring glass 


e commercially extracted from uranium-bearing minerals such as uraninite 
e it used in nuclear-medicine x-ray machines, atomic dating, and electronic instruments 
e it is a radioactive material used in nuclear defense systems & for nuclear generation of electricity 


e zeolites are microporous aluminosilicate minerals 
e used in aquaculture for removing ammonia from the water in fish hatcheries, 
e as water softener, catalysts, odour control, for removing radioactive ions from nuclear-plant effluent 


e used as protective coating on steel, as die casting 
e as an alloying with copper, to make brass & as chemical compounds in rubber & paints 
e for galvanizing iron, electroplating, metal spraying, automotive parts, electrical fuses, anodes 
e in dry-cell batteries, chemicals, cable wrapping ; in medicine, vulcanizing rubber & sun-block lotions 


e zirconium is a metal recovered from zircon. 
e used in mineral form in refractory products due to its high melting temperature of 2, 550°C 
e some zircon is processed by chemical leaching to yield elemental zirconium; use in nuclear reactors 
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for 
preservation 
of food 


all food 
we consume 


is made up of 


chemical substances 


for 
enhancing its 
appeal 


for adding 
nutritive 
value 


some occur naturally & some are added intentionally 


Why chemicals are 


added to food? colorants are 


such edible colors 


that have no 
harmful side effects 


when added in food 


Main Food Additive 


[inne | _ plan de 
mamie [ mens | 


colorants 


antioxidants 


preservatives 


Oxidation ^. 
oxidation of food occurs - 
are added when food is exposed to | 

oxygen; in food, oxidation © 
tao eune delay is a destructive process that- 
retard or prevent leads to the spoilage of | 


A } food & changes the - 
food from deterioration chemical dma e 


nutritional value of food; 
antioxidants are added to 
food to prevent/stop this — 


due to oxidation 


Various Antioxidants & Their Use 


Ascorbic acid | used in beers, cut fruits, dried 
(Vitamin C) potatoes & jams 


used in meat pies & oils to 
reduce oxidation of fatty acids 
& vitamins 


eee used in biscuits, jams, tinned 
Citric acid : pd 
fruits, alcoholic drinks, cheese 


these are added to food to protect it from turning rancid 


Rancidity 

fats, oils & any food 
containing them are more | 
prone to oxidation; when © 
fats & oils are oxidized, — 
they become rancid, i.e. ~ 
their smell & taste change;_ 
usually antioxidants are — 
added to foods containing - 

fats & oil; keeping food in 

air tight containers helps to | 

slow down oxidation. 


nitrogen gas is added 
to the packs of chips 
to prevent oxidation 


Tocopherols 


these are 
chemicals used 


to protect 
food materials 


against microorganisms 


some preservatives are sodium benzoate, sorbic 
acid, sodium metabisulphate, epoxide & ethyl formate 


saffron is a spice derived from the 
Stigmas & styles (female part of flower) 
of Crocus (saffron) flower 


2d : , used for 
crocin is a chemical found in these 


flowers & is responsible for the 
colour of saffron 


preservation of 


low moisture foods 


low moisture foods are nuts, dried fruits & spices 


monosodium 
glutamate 
(MSG) 


guanylic 
& ionosinic 
acid 


Flavour enhancers 
in food articles 


Anti-caking 
agents 


calcium 
diglutamate 


they are additives that are placed in 
powdered/granulated material 


they prevent lump formations (caking) 
of food material 


such agents help in either of the 2 ways : 
Ô by soaking excess moisture 
0 by coating food particles & making 
them weather repellent 


they are also used in non-food items like 
road salt, cosmetics & fertilizers etc. 


it functions by binding to metal 


contaminants that cause food to breakdown 


or decompose 


so, it stabilizes colour, aroma & texture 
of foodstuff 


it is also used in heart disease treatment, 
lead & digitalis poisoning & metal 
removal from soil 


Chemicals in Food 


RR 


Food emulsifiers ) 
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- Sodium benzoate 


it is produced 


by reacting 
sodium hydroxide 


with benzoic acid 
sodium benzoate is a widely used food preservative 


it is used as an antifungal preservative in food preparations 


KRAN 


i Sodium metabisulphate 


it is used 


as a disinfectant, 


antioxidant 
& food preservative 


it is used for preservation of colorless food articles 


litchies, mango chutneys etc. are preserved using the same 


Some anti- 
caking agents 


sorbic acid is 2 
Calcium silicate 


| Calcium carbonate | 


a natural organic 
compound used as a 


food preservative 


these are 
the chemicals 


citric acids, ascorbic acids, 
disodium salt of EDTA are 
some antiripening agents 


that attack 
the enzymes to 


metabolize the 
food after harvesting 


it is used to preserve food especially fruits & vegetables 


Some food emulsifiers 


Lecithin in egg yolk 


this helps to aid processing of food 


Sodium stearoyl lactylate 


it also maintains quality & freshness of food Mono & di-glycerols 


make the two components (oil & water) compatible Locust bean gum 


they reduce stickness, prevent separation & increase shelf life 
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Chemicals in Food 


Artificial Sweeteners of Food 
1 Saccharin 4 Sucrolose 


2 Aspartame 5 L-Glucose 


3 Alitame 6 . Cyclomates 


Cyclamate . 


it is a synthetic artificial sweetener 


cyclamate is the least sweet of all artificial 
sweeteners 


it does not have any aftertaste & is 
Stable after heating 


it is commonly used in baked goods 


Phenylketonuria 


it is a rare generic condition 


it increases the levels of phenylalanine 
in the blood; phenylalanine is an 
amino acid 


in this disease, the body becomes unable to 


break down phenylalanine & so, its 
accumulation in the body rises 


this diesease causes intellectual disability & 


other health problems also 


Neotame 
neotame is anoter artificial sweetener 


it is about 10000 times sweeter than 
sucrose (table sugar) 


it metabolizes rapidly & does not appear to 
accumulate in body 


— i?7 


artificial 
sweeteners are 


chemicals that are 
added in food articles 


to give sweetening effect 
they are much more sweeter than sugar, but are non-nutritive 


they are needed as excess use of natural sugars may create health issues 


saccharin is about 550 
times sweeter than 
ar 


an artificial 
agent which is 


non-biodegradable 


& does not 
have calorific value 


it is excreted in urine unchanged & is boon for diabetics 


aspartame is about 100 
times sweeter than 
canesu 


aspartame is 


a low calories 
artificial sweetener 
people suffering from phenylketonuria cannot use it 


it is unstable at cooking temperature, so used in cold foods only 


alitame is 


high potency 
sweetener which is 


more stable than aspartame 


it degrades at temperature above dry, room temperature 


tastes like sugar 


sucrolose does not 
have any bitter 
aftertaste 


& does not 
provide calories 


or cause tooth decay 


sucrolose remains stable at cooking temperature 


Different 
Types of Skin 6 
Cancer 


Main types of Skin Cancer 


Melanoma 
Non- 
melanoma 


Basal Cell 
Carcinoma 


Squamous Cell 
Carcinoma 


© Merkel Cell Tumors 


o Dermatofibrosarcoma protuberance 


What is melanin? 


melanin is a pigment that determines 
the skin colour 


it is produced by the oxidation of 
amino acid tyrosine 


eumelanin & pheomelanin are the two 
forms of melanin 


eumelanin provides brown/black colour & 
pheomelanin provides red/yellow colour 


the ratio of eumelanin & pheomelanin 
determines the skin colour 


melanin functions as a shield against 
UV radiation of the Sun 


Colour 


Lighter 
Low concentration 
of melanin 


High 


9 the most harmful type of UV rays 

0 they do not reach Earth's surface 

are found in manmade source of UV 
radiation like welding, mercury lamps etc. 
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cosmetics are 


applied on 
face or body skin 


to enhance the appearance 


creams, lotions, perfumes, soaps are the common cosmetics 


erfuming or protection of skin 


itis a soft, yellow & 
- waxy substance 


F it is secreted from the 
glands of sheep 


LT r———— E 


itis used in cosmetics 


they are used for cleaning, beautifying, 


cold creams are 
water-in-oil 


type emulsions 


these are mainly used to moisturize the skin 


various ingredients of cold creams include vegetable 
& mineral oils, fats, waxes, perfumes, emulsifiers & water 


these give 
a non-greasy npe 
or humectant 
thin film on the skin - is glycerine 
to keep it cool & oily rene 
vanishing cream disappears when spread on the skin _ skin 


these are used as beauty creams & as a base for face powders 


a vanishing cream consists of stearic acid, an alkali, a polyol & water 


vanishing 
cream is good 
for oily skin 
as it gives 
non-oily 
feel 


bleaching cream 


is used to treat 


discoloration of the skin 


it works by reducing a pigment called melanin in the skin 


ATE TETA 


, Sun-screen creams 
thes eee N edi UVarays UVB rays 


long wavelength | short wavelength 


cause wrinkles, 
sunspots, pre- 
mature ageing 


these are used for 


protection of skin 


cause sunburns, 
skin cancer & 
discoloration 


from UVA & 
UVB rays of the Sun 


sun-screens help prevent certain cancers of the skin 
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though 
ca sunscreen = 
. protects from | 
tropical products ABUU U VA es OVE 
. but SPF is in the 
context of UVp 
x only | ed 


many of the 


are labelled as having 


Franz Greiter Sun Protection Factor 


the person who invented the first 
sunscreens in 1938 with SPF of 2 


UVB rays cause sunburn 
& skin cancer 


it is the 
level of protection 


Interpreting SPF 
^ 3 
SPF value % of UV Brays it 
filters out 
15 


How does skin cancer 


SPF (X) 
indicates that 


a person will get one 
minute of UVp rays for 


so, the difference in percentage of 
protection is decreasing with increase in 
the SPF value 


every 'X' minutes 
exposure before the Sun 


UVA goes deep into skin, 
destroys collagen & so skin 
loses elasticity & is wrinkled 


SPF value 


Ingredients that provide protection 
from UV A& UVB rays 


Er Avobenzone [| Cere | 
[a] rome [8 Zine One 
Menthyl 7 Octyl 
Anthranilate Salicylate 

Titanium 
[4 | osien fa Tianan | 


effect of 15 minutes exposure to the Sun using 
SPF 15 sunscreen = effect of 1 minute exposure to 
the Sun without using sunscreen 


sunscreens protect 


skin from damage 


by employing UV filters 


it provides protective barrier by absorbing UV photons 


or, it provides physical barrier by reflecting the UV photons 


Niels Finsen 


the person who won Nobel Prize for 

medicine for using phototherapy to 
remove skin ulcers caused by lupus 
vulgaris; this opened the way for 

sun tanning of skin 


Lupus Vulgaris 


it is acommon form of cutaneous 
tuberculosis 


it occurs in individuals with a high 
degree of tuberculin sensitivity 


these are painful skin lesions with 
nodular appearance 


it is common mycobacterium TB 
skin infection on face or 
around neck 


Linalool 


linalool is a terpene alcohol 


it is found in hundreds of plant 
species 


it is used as an ingredient in perfumes 
because of its pleasant fragrance 


Terpene 


terpenes are organic compounds 


these are produced by a variety of 
plants, particularly conifers & by 
some insects 


terpenes have very strong odour & 
protect from herbivores 


MEETS 


a 
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perfume is 
such a substance 


that emits & diffuses 


a fragrant odour 


it is a mixture of fragrant essential oils & solvents 


the essential ingredients in a perfume are given hereunder 


these are 


the substances 


that emit fragrance 


these substances are found in abundance in nature 


they form part of essential oils, aromatic resins & others 


they can be either synthetic (anisaldehyde) or natural (linalool) 


vehicles are solvents 


that keep 
the odour producing 


substances in solution 


the most common vehicles used are mixture of water & ethanol 


fixatives are 
such substances 


that maintain 
rate of evaporation 


of odoriferous substances 
the fixatives equalize the vapour pressure in perfumes 


common fixative include benzoin, glycerol diacetate & esters 


anning of skin. 


it is a process 


that is used to 


darken the skin colour 


it is done by exposure to natural or artificial UV rays 


tanning increases the skin pigments & protects it from burning 


Cosmetics 


DE Sane S a 


talcum powder 


is called 
so because it is 


Dr. Frederick B. Kilmer 


Director of scientific affairs of 
Johnson & Johnson who invented 
scented powder in 1892 


made from talc 


Talcum Powder contains materials 
that provide 


: deodorant Tale: ca 
slip (talc, metallic soaps) is a substance is hydrated - 
magnesium silicate; 
that decomposes it is a naturally 
: occurring mineral, ~ 
foul smelling substances mined fromthe =: 
various smelling substances are produced by bacteria Earth 3 


sweat released from apocrine glands produces offensive smell 


absorbency 
(calcium, magnesium carbonates) 


sweat is exposed to air, bacteria in it grows & produces a bad odour 


Anti-ageing cream 


— 


it contains retinol, 
epidermal growth factor 
& alpha hydroxy acids 


an antiperspirant 


opacity (colloidal clay, zinc oxide, includes. 
titanium dioxide) inhibits the production - conventional 
x moisturizing & - 
of apocrine sweat anti-ageing 
in antiperspirants, aluminium chlorohydrates are used FU SECOS 


weat Glands Te. ; : : 
Sweat Glands aluminium ions shrink the size of sweat glands to reduce sweat 


nme 


human skin has two types of sweat 
glands - eccrine & apocrine glands 


it contains citric acid, 
acetic acid, malic acid, 


eccrine glands occur over most of they are’ l glycolic acid, lactic acid 
human body & they open directly the materials a exfoliant helps z 
onto the surface of the skin that produce sloughing off dry, 
: ; dead skin cells to ~ 
apocrine glands open into the hair shimmering effects improve skin's 
follicle & lead to the surface of mica & bismuth oxychloride are common materials . appearance 


the skin 


tiny particle of mica refract light to produce shimmering effect 


whereas, bismuth oxychloride is used to create a silver gray pearly effect 


Bismuth Oxychloride 
though occurs naturally in the rare mineral 
bismoclite, but it is usually produced 
synthetically & so, it is known 
as synthetic pearl also 


cancer causing agents 
are called carcinogens 


they contain lead, nickel, cobalt, cadmium & chromium 


both cadmium & chromium are known cancer producing agents 


are preservatives used in 
makeup; skin products & 
other cosmetics; they 
prevent spoilage & inhibit 
bacterial & fungal growth 


isa used in shampoo & in 
skin cleansers; It loosens 
dirt & oils; making it easier 
to wash them away; is 
highly irritating to skin 


is a form of vitamin E & is 
added to lipsticks & other 
emollient cosmetics 
(concealer or cream blush) as 
an inexpensive but powerful 
antioxidant 


is a protein derived from 
sheep’s sweat glands; is a 
high-quality moisturizer 
effective for dry or sensitive 
skin; very similar to oil 
produced by human sebaceous 
glands 


is used in skin creams & 
lotions; is a by-product of 
uric acid; an effective 
calming agent; reduces skin 
irritation 


Cosmetic Ingredients & Their Purpose 


t+ 


e 


Parabens 


“Sodium lauryl 


sulfate . 


«4— ——— _ Tocopherol n 


— 


Allantoin 


Aluminum 


chlorohydrate 


Esencia : Science & Technology 


is a form of vitamin Bs. used 
in hair products; it seals hair 
shaft, making strands soft & 
shiny; also used in skin 
ointments to treat burns or 
irritation as it can reduce 
inflammation & speed 
healing 


is used to thicken & lighten 
cosmetics like foundation, 
blush, & eye shadow; also 
act as sunscreen; protecting 
against both UVa & UVB 
rays 


being alkaline it is used to 
modify a product’s pH 
balance ( to make it less 
acidic); Products with large 
amounts of sodium hydroxide 
can severely irritate skin 


is a form of silicone which is 
used often in hair products; 
it makes the product slippery 
& spreadable 


common ingredients in 
antiperspirant ; it is a salt; 
acts as an astringent; 
constrict the pores in 
underarm so they can’t 
release more sweat 


Why do soaps not work 


in hard water? / 
cleansing agents 


hard water contains calcium & are substances that 


magnesium ions 


remove dirt & have 


the ions of calcium or sodium 
displace sodium or potassium from 
their salts 


cleansing action in water 


they can be either of the two types - soapy or non-soapy 


it produces insoluble calcium 
or magnesium salts of fatty acids 
which are separated as scum 


soaps are 
water-soluble 


Saponification 


itis a process of — 


it is so that soaps do not work sodium or making ita, n Ee ; 
in hard water otassium salts Tie cee 
reacted with sodium or 
of fatty acids potassium hydroxide 
3 ; ° to produce glycerol & 
they are made from fats or oils or their fatty acids fatty acid salt called — 
Shaving soap for that fats/oil/fatty acids are chemically treated with alkali Op x 


it is a kind of hard soap 


shaving soap contains glycerol to 


soap preparation 


NaCl is added to NaCl Sodium Chlorid 


the liquid soap mass e Sodium Hydroxi 


prevent rapid drying 


a gum named 'rosin' is added in it 
that forms sodium rosinate & 
leathers properly 


to separate it from glycerine 


NaOH can also be used in place of NaCl for the purpose 


l 3 Surfactant 
soap/detergent agitation to ed leni 
: : cleanin 
dissolves in separate grease is d 8 soft soap 
water from water XE. 


is called a soap 
that is liquid 


or easily soluble 


these are made by saponification with potassium 


Pease) felts KE liquid soaps, shaving creams & shampoos are the soft soaps 
process of i — 
Surface ions orient separation Clean ai 
in grease & continues surface 
water 
4 
2 these are made by 


using better 
grade fats & oils 


Hard Water 
itis a water that contains high mineral 


& by removing excess alkalies 


content; it contains high concentration of 
salts of calcium & magnesium 


toilet soaps contain more fatty material to make those cleanse well 
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Synthetic Detergents 


Surface tension 


this is the elastic tendency of a 
fluid surface which makes its 
acquire least surface area 


surface tension allows insects 
usually denser than water to float 
& Stride on water surface 


Surfactants 


between a gas & a liquid or 
between a liquid & a solid 


these may act as detergents, wetting 
agents, dispersants, foaming 
agents & emulsifiers 


Washing Powder : 
vs. Detergents 


washing powder contains some 
additional chemicals apart 
from detergents 


these chemicals include 
9 sodium sulphate & sodium silicate 
(to keep powder dry) 
9 bleaching agent/sodium perborate 
(for whiteness of clothes) 
0 sodium tripolyphosphate & sodium 
carbonate to maintain alkaline 


nature of washing powder 


Disadvantages of 
synthetic detergents 


some of them are non-biodegradable 
& so they cause water pollution 


some of them with artificial dyes or 
colorants may irritate skin & eyes 
and cause harms to marine life 


these are compounds used to lower the 
surface tension between two liquids, 


| General 


synthetic detergents 


which are 
called SynDets also 


are grouped 
into three categories 


the three categories include anionic, cationic & non-cationic 


they are 
sodium salts of 


these are expensive 


have germicidal properties 


& are used 
in hair conditioners 


cetyltrimethyl ammonium bromide is an example of this 


such detergents 


do not 
contain any ion 


in their constitution 
liquid dishwashing detergents are non-ionic type 


like soaps, they remove grease & oil by micelle formation 


- Their advantages | 


such detergents 


can be used 


even in 


hard water also 


synthetic detergents have strong cleansing action 


even they can be used in acidic medium as contain Strong acids 


o 
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Medicinal Chemistry 


Two types of analgesics Ps Mie id 
it is a discipline 
of science related to 


Narcotic/addictive drugs 


morphine, codiene, 
marijuana, heroin 


Non-narcotic drugs 


aspirin, paracetamol, brufen, 
naproxen, novalgin 


these are 


Neoplasm substances that 


neoplasm refers to an abnormal growth 
of tissue caused by the rapid division 
of cells that have undergone some 
form of mutation 


affect proteins 
in the body to affect 


a physiological function 


these reduce suffering from pain & cure diseases also 


there are a number of classes of drugs which are given here 


Chemotherapy TREES, 


it is treatment of disease by means of 
drugs that have specific toxic 
effect on pathogens 


a class of drugs 


aspirin has anti blood 
clotting property also 


that reduce 


chemotherapy selectively destroys 
body temperature 


neoplastic tissue 


i . in case of high fever 
chemicals which are used to cure a 


disease/pain are called chemotherapeutic 
agents 


aspirin, paracetamol, methacitin & analgin fall in this 


DA A 
analgesic 
drugs relieve 


Vasodilators Paracetamol is an 


analgesic drug 


vasodilators widen blood vessels, decrease 
blood pressure & increase blood flow 


body pain & act on 


central nervous system 


examples of vasodilators include 


these include non-steroidal & anti-inflammatory drugs 
Histamine, Nitric oxide, Aspirin 


these are derived from salicyclic acid, pyrazolone & phenacetin 


Vasoconstrictors 
diuretics are drugs 


these agents narrow blood vessels, increase 
blood pressure & decrease blood flow 


that increase 


the rate of urination 


antihistamine, cocaine & caffeine are 


examples of vasoconstrictor amiloride & triamterene are the two diuretics 


thiazides are the most common prescribed diuretics 


List of some antiseptics 


som 


5 Potassium 
Furacine 
permanganate 


Tincture of lodine 
is an alcohol water solution 


containing 2-3% iodine 


Histamine 


histamine is a chemical released by mast 
cells during allergic reactions 


mast cells are a kind of white blood cells 
produced by bone marrow 


histamine stimulates the secretion of 
hydrochloric acid in stomach 


Gram-negative & positive bacteria 


gram-negative bacteria have thin cell 
membrane & they are often resistant to 
antibiotics, e.g. E.coli 


gram-positive bacteria has thick cell 
membrane e.g. Streptococcus, 
Staphylococcus & Clostridium 


Quinolones & fluoroquinolones 


detrimentally affect the function of two 
enzymes produced by bacteria so that they 


can no longer repair DNA or help in its 
manufacture 


topoisomerase IV & DNA gyrase are 
two such enzymes 


|  Antiseptics 


. Disinfectants _ 
— eee Hexachlorophenol 
disinfectants used as antiseptic in mouthwash 


Antimicrobial 
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in deodorants, antiseptics 
are used to prevent body 
odour caused by bacterial 

decomposition 


antiseptics 
either inhibit the 
is added to 
soaps to impart 
them antiseptic 
properties 


growth of 
microorganisms 


or kill them 
antiseptics are not harmful to living human tissues 


these are not ingested, but are a plied on wounds, cuts or ulcers 


used to disinfect drinking water 


either inhibit the m 
Some disinfectants 


growth of 


microorganisms © phenol 
9 chlorine 

or kill them © bleaching powder 

9 hydrogen peroxide 


disinfectants are harmful to living human tissues 


these are used to sterilise inanimate objects like floors, 
utensils, drainage system, toilets, instruments or like objects 


are drugs that 


consumption of alcohol 
while taking antihistamines 
may worsen side effects 


lessen or finish 


the effects of histamine 


these are used to treat common allergy symptoms 


some of these are used to treat motion sickness, anxiety etc. 


these are used Paul Ehrlich 


who developed the 1st 
antimicrobial drug & for this 
he got Nobel Prize in 1908 


to cure bacterial, 


fungal & viral diseases 


antibiotics, sulpha drugs, quinolones are antimicrobials 


Quinolenes © 


these are ciprofloxacin, norfloxacin, 
ofloxacin & moxifloxacin 


are quinolenes 


broad spectrum 


antibacterial drugs 


these are widely used for urinary tract infections 


Medicinal Chemistry 


Bacteriostatic 


inhibits/check growth 
of microorganisms 
e.g. tetracyclin 


Bactericidal 


i 


kill microorganisms 
e.g. pencillin, ofloxacin, 
aminoglycosides 


Penicillin 


penicillin was the first antibiotic discovered 
by Alexander Flemming in 1929 


he developed it from fungus 
Penicillium notatum 


Ernst Chain, Howard Florey & Flemming 
got Nobel prize for it in 1945 


Chain & Florey isolated its pure form 


How do antibiotics work? 


antibiotics fight against bacterial infections 
antibiotics do this by 
0 attacking the wall of bacteria 


0 interfering with bacterial reproduction 
9 blocking protein production in bacteria 


Malaria 


malaria is caused by Plasmodium parasites 


parasites are spread to people through the 
bites of infected female Anopheles 
mosquitoes 


Esencia : Science & Technology 


these are 
such medications 


or slow down 
the growth of bacteria 


v Bacteria | Viruses $€ 


these are helpful to fight against bacteria caused infections 


the antibiotics kill bacteria by intervening in their metabolic process 


Hindustan Antibiotics, 


Pimpri 


the only manufacturer 
of pencillin in Public 
Sector in India 
gram - positive & 
gram - negative bacteria 


this antibiotics 
infectious Stage of 
malarial parasite - 
Plasmodium 


work against 
gram - positive or 


gram - negative bacteria 


e.g. polymixins work against gram - negative bacteria 


& the pencillin works against gram - positive bacteria only 


Metabolism 


all chemical 
reactions involved 
in maintaining the 
living state of cells 

& organisms 


these are 


the antibiotics 


that work against 


single organism or disease 


dysidazirine & pencillin are examples of this type of antibiotics 


an alkaloid 


Primaquine 


antimalarial drugs 


destroys sporozoits 
are drugs m 

in liver 
that are used to 


Chloroquine & proquanil kill 


prevent & treat malaria parasites in blood 


quinine, primaquine, chloroquine & proquanil are antimalarials 


Some hypnotic, i.e. sleep inducing agents 


Toi 
| 


Barbiturates & benzodiazepines are the 


tranquilizers are 


known as the 


sychotherapeutic drugs also 


they are used for the treatment of stress & mental diseases 


they relieve anxiety, stress, excitement & induce sense of well being 


most abused among all tranquilizers 


— M MÀ —ÀÀ— ÀÀÀ 


poor 
judgment 


Excessive use of 
tranquilizers may cause 


these are such drugs 


that are used for 


slow preventing fertilization 


reflexes these are called birth control drugs or oral contraceptives 


various birth control pills contain estrogen or progesterone or both 


synthetic progesterone derivatives are more potent than natural progesterone 


anaesthetics cause 


insensibility to 
vital functions of 


all types of cells 
especially of nervous system 


Antifungal 


: coe however, the insensibility caused is temporary & reversible 
used against fungal diseases like ringworm, SA ty porary 


athlete's foot, meningitis 


anaesthetics may be either general anaesthetics or local anaesthetics 


ketoconazole, benzoic acid, neem seed oil 
& tea tree oil are some antifungals 


General anaesthetics 


Injectable Gaseous 
form form 


general anaesthetics 


in antifungals, possibility of side effects is 


higher than that in anti-bacterial drugs are such chemical 


substances that cause 


sodium 
pentothal 


9 ethylene 
9 ether 


loss of consciousness 
Anti-viral drugs 


inhibit growth of viruses 


Jelly form 


the t microbes, but 
se do not destroy targe these’ cause 


only inhibit their growth 


Injectable 


insensation in 
viruses do not have their own machinery 
for replication, they use host's cells 
to replicate 


a specific part of body 


are used in small surgical operations like dental surgeries 


Ô nitrous oxide 
9 cyclopropane 


Polymers 


it is a process of formation of 
polymers by combining two or 
more small molecules 


a polymer is a 
chemical compound 


ae ry nek a NA whose molecules 


by polymerization, large are bonded together in Naturally Synthetic/ 
macromolecules of different sizes occurring Manmade 


& shapes are formed 


long repeating chains 


polymers have different properties due to their structure 


due to these properties, polymers can be tailored for different uses 


Natural Polymers 


| Rubber | has excellent elasticity 


a resin produced by female lac 
insect - used as primer, sealant 


today, the polymers are commonly used in plastics & composites industry 


Shellac 


: linear polymers PVC 
& varnish Polyvinyl 
are polymers hloride 


Cellulose the most common one - used 
in paper, textiles & cellophane 


proteins, starch, silk & wool are 
natural polymers 


that consist of long 


& straight chains 


its examples include PVC & high density polythene 


T. 


Elastomers 


Synthetic Polymers 


Synthetic polymers 


the most common plastic in 
Ade one the world - shopping bags 
used to make disposable cups 
have rubber-like properties or 
MSAN resemble plant/animal fiber 


used for swimsuits 
& cooking pans 


these are such are commonly referred are elastic polymers 


type of polymers to as plastics 


relatively soft & 
that contain deformable 


linear chains with 


example - natural rubber, 
some branches also vulcanized rubber 


its examples include low density polythene, glycogen etc. 


nylon, synthetic rubber are other 


synthetic polymers Organic Inorganic 


cross-linked Polymers Polymers 


polymers are such based on element 


that are formed by carbon; e.g. 


Ex polyethylene, 
cross linking between cellulose 


are not based on 
carbon; e.g. 
silicone 


Thermoplastic Polymers 


they turn into liquid upon heating 


the linear polymers 


thermoplastic polymers are called 


its examples - bakelite, melami ai 
thermosoftening plastic also : ine, urea-formaldehyde polymer 


these are stronger & more 
suitable for high temperature 


they are such polymers apol canone 


examples 
polyethylene, teflon, nylon 


that do not become 


liquid on heating 


Examples : vulcanized rubber, bakelite, kevler thermosetting polymers cannot be remoulded or recycled 


Biodegradable Plastics 


can break down upon exposure to 
sunlight (especially UV rays), 
water, bacteria etc. 


biopol is a biodegradable polymer 
synthesized by genetically 
engineered bacteria 


Degradation of Polymer 


polymer degradation 
generally occurs due to 
hydrolysis of covalent bonds 
connecting the monomers of a 
polymer 


polymer degradation 

can occur due to heat, 

chemicals & galvanic 
action 


Resin Identification Code 


system of labelling plastic bottles 
on the basis of their constituent 
polymers 


this code helps in sorting & 
recycling of plastic 
bottles 


BIOPLASTICS 


these are made from 
natural materials like corn 
starch 


More About Plastics 


Ecoflux 
is a fully 
biodegradable 
synthetic polymer 


for packaging 
of food 


chlorine 
can cause degradation 
of plastic 


ASTM 
International 
Resing Identification 
Coding System has 
been administered by 
ASTM International 
since 2008 


Environment Friendly Plastics 


BIODEGRADABLE 


these plastics are made from 


petrochemicals which are engineered 


to break down more rapidly 
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Bioplastics 


are organic plastics derived from 
renewable biomass source like 
corn, vegetable oil, starch etc. 


these plastics can contain 
up to 70% of oil derived 
components 


Ozone Cracking 


it refers to the cracking effect 
of ozone on rubber products 
such as tyres, seals, 
fuel lines etc 


it is generally prevented by 
adding antiozonants to rubber 
before vulcanization 


paraffin wax is an antiozonant 


plastics with a small amount of 
metal salts in them 


Oxo plastics degrade abiotically 
in the presence of oxygen, 
much more quickly than 
ordinary plastic 


ECO/RECYCLED PLASTICS 


plastics made from recycled 
plastic material & not from 
raw petrochemicals 
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Synthetic Polymers & Their Applications 


Parkesine (celluloid) Cellulose Plastic moulding First man-made polymer 


Phenol and First polymer made completely 


for making combs, electrical switches, 
utensil handels, computer discs, Radios, 
telephones, clocks 


formaldehyde synthetically 


Third most widely used plastic 


Vinyl chloride 


Polypropylene Propene 


Polyethylene Ethylene 


iere 


Melamine & 
formeldehyde 


used in manufacturing of rain coats, 
hand bags, vinyl flooring, vinyl sheets 
for walls, water pipes 


Brand name for polystyrene is 
Styrofoam 


Thermal insulation, wrapping material, 
manufacture of toys, radio & 
television cabinets, plastic cups 


Family of polyamides; 
First commercially successful 
synthetic polymer 


Fabric, toothbrush, ropes, in textile 


industry 


Second most widely used synthetic 
polymer 


Textiles, stationary, automotive 
components 


Most widely used 

synthetic polymer; 
LDP is transparent polymer; 
HDP is tanslucent polymer 


low density polythene: used in 
insulation of electrical wires, 
manufactyre of squeeze bottles, toys & 
flexible pipes 
High density polythene: manufacture 
of buckets, dustbins, bottles, pipes 


used in Adhesives, latex paints, 
chewing gum, textile coatings 


commonly known as wood 
glue,carpenter's glue, school glue 


Melamine- 
formeldehyde polymer 


used in manufacture of unbreakable 
crockery 


Terylene ethylene glycol & Terylene is used for seat belts & sails, 

(Polyester) terephthalic acid used as glass reinforcing materials in 
safety helmets 

Glyptal Ethylene glycol & 

(Polyester) Phthalic acid 

Urea - formeldehyde Urea & Formeldehyde 

Resin 


Teflon Tetrafluroethene 
(Polytetrafluroethene) 


optimum working temperature for 
melamine-ware ranges between -30° 
Celsius & 120° Celsius 


it is the brand name of 
Polyethylene terephthalate 


used in manufacture of paints & 
lacquers 


three dimensional cross-linked 
polymers 


for manufacture of unbreakable cups & 
laminated sheets 


They are degraded by heat, acids, 
and alkalis 


manufacturing of non-stick utensils, oil 


Teflon coatings undergo 
seals and gaskets, lubricant 


decomposition at temperatures 
above 300°C 


used as substitute of wool in making 
commercial fibres as orlon or acrilan 


Acrylic fibres are resistant to stains, 
chemicals, fungi & insects 
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Synthetic Polymers & Their Applications 


cs ae 


ES 


Vulcanized rubber Rubber, sulphur 


Chloroprene 


Butadiene & 
Acrylonitrile 


manufactured from rubber latex 
obtained from bark of rubber tree, 
soft & sticky 


for making shoes, waterproof coats, 
golf balls 


vulcanized rubber is much stronger than 
natural rubber 


Tyres, rubber bands, gloves, 
conveyor belts 


resistant to action of oils , gasoline, 
sunlight, oxygen, heat & ozone 


used to make conveyor belts, 
gaskets , hoses 


Buna - N 
(Synthetic rubber) 


resistant to the action of petrol, 


used in making oil seals and tank 
lubricating oil & organic solvents 


linings 


Buna - S 

(SBR - Styrene 
butadiene rubber) 
(Synthetic rubber) 


Butadiene & 
Styrene 


extremely resistant to wear & tear 


used in manufacturing of tyres 


used in manufacture of hoses & chemically resistant 


tank linings, engine gaskets, rocket 
fuel 


Ethylene chloride & 
sodium polysulphide 


Guttaa-Percha 
is a naturally occuring 
rubbers which is used in 
root canal therapy 


Vulcanization 
is the addition of 


Charles Goodyear 
who discovered 


vulcanization 
in 1839 


sulphur to hot rubber 
to improve is physical 
properties 
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Radioactivity 


Antoine Henri Becquerel 


a French Pysicist & Nobel laureate 
- the first person to discover the 
evidence of radioactivity 


a - decay occurs when the 
neutron to proton ratio is very low 


240 
94 Pu 
e 

e 33 


: 4 
a-particle = 2 He 


B - decay occurs when the 
neutron to proton ratio is very high 


228 neutrino 228 


gg Ra Ss g9 Ac 
e e 


J 
B — particle = R e 


y - rays are not particulate radiation like a 
and f, but a form of high energy EM wave 


y - radiation : 
high energy electromagnetic waves 


emission of y-rays does not change the mass 
number or atomic number; an atom becomes 
Stable by emitting y radiation 


it refers to 
the spontaneous 


& random emission of 


a nucleus is unstable 
if it is too big 


radioactive rays from 
unstable radioactive material 


unstable radioactive material emits so to become more stable 


it is said so 


because it 
is not influenced 


by chemical reactions or 
any change in physical factors 


physical factors include temperature & pressure, time etc. 


Becquerel (Bq) - SI unit & 
Curie (Ci) are the units to 
measure radioactivity 


it refers to 


the number of 
spontaneous decay 


of atoms per second 
radioactivity is a physical, not biological phenomenon 


some instruments detect the radiation emitted with each decay 


Fission also is a form 
of radioactive decay 


there are three 


different types of 


radioactive emissions 


the three types include © particles, B particles, Y rays 


d i 


Geiger-Muller Tube 
is an effective 


radioactive detector 


it can trace all @-particles, B- particles and y-rays 


G-tube is one of the most widely used radiation detector 


Radioisotopes 


Willard Libby 


radioisotopes 


the person who introduced 
radiocarbon dating by measuring 
the content of carbon-14 


are isotopes with 


radioactive properties 


a radioisotope is an isotope with unstable nuclei 


In medicine 


E 
[, 
[4 
ie 


Radiocarbon Dating 


radioisotope 
iodine-123 is used 


Radiocarbon dating is a specific 
technique 


scientists use this technique to ascertain for diagnosing 


the age of biological specimens 


various thyroid diseases 


it is used widely in archaeology 
& anthropology 


radiocarbon dating is applicable only to 
organic & some inorganic material 
(not applicable to metals) 


How does Radiocarbon 
Dating technique work? 


biological species assimilate carbon-14 
from CO» throughout their lives 
after the death of a species, it stops 
exchange of carbon with the biosphere 


radioisotopes 


it causes the start of decline of are used o standardize 


carbon-14 content at a rate determined 


by the law of radioactive decay the thickness of 


paper, plastic, 


this rate of decay of carbon-14 helps in 
assessing the age of a specimen 


Law of Radioactive Decay aad ie Se oa 
| Other uses | 


nucleus decay per unit of time is a 
constant which is independent 
of time 


Y-rays are used 


to kill germs that 
cause quick food spoilage 


this law is a universal law 
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sodium iodide is used to treat some kinds of thyroid cancer 
using sodium-24, position of blood clots is detected in bloodstream 


circulation of iron in bloodstream is studied using iron-59, isotope of iron 


but his may have the 
probability of producing 
GMO & resistant pests 


for genetic mutation in a plant to develop high resistance varieties of plants 


clothes & metal sheets 
higher count signifies thin & lower count signifies thick material 


so, the computer makes adjustment according to the thickness of material 


latex, exposed to Y-rays, becomes harder without adding sulphur 


What is 'isotope'? 


Isotopes 
are elements whose 
atoms have the same 
number of protons, but 
different number of 
neutrons 


brain tumors 


is used to Sterilize 
medical equipments 


y-rays are used for metal 
sheets & f particles in case 
of paper, plastic & cloth 


x-rays 
can be used to 
Sterilise insects 
to check their 
growth 
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Henri 
Becquerel 


Becquerel (Bq) 
& Curie (Ci) are two 
units of measurement of 
radioactivity named 
after their 
inventors 


Nikola Tesla 
the man who discovered 
the dangers of 
radioactivity 
in 1896 


Marie Curie 
the lady who separated 
Polonium from Uranium 
& Radium from 
Barium 


Hermann 
Joseph Muller 
who got Nobel Prize in 
Physiology/Medicine for 
his discovery of harmful 
genetic effects of 
radiation 


Radioisotopes in Archaeology 


to measure geological used in carbon dating 
time scale method 


Radioisotopes like Uranium-238 are trapped in rock formations...with time, as they decay, proportion of 
Uranium-238 decreases slowly resulting in equal slow growth of Lead-206...proportion of lead 
& uranium in the rock determines the age of rock 


Saee sie e eee lee e 
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Radioactivity 


Radioisotope Half life lalf | 
4.5 billion years it aoe re 

700 million year the time taken 
| Plutonium-239 | 239 24000 years oe 


half-life of various materials 
ranges between a fraction of 
second & billions of years 


Carbon-14 5700 years number of atoms 
Radium-226 1600 years 


in a sample of 
radioactive material to deca 


5.26 years 


Carbon-14 
Polonium-215 is constantly 
the concept produced in upper ' 


atmosphere due to 
| interaction between 
cosmic rays & 
nitrogen 


of half life has 


Radioisotope Half life Used to treat 


Iodine-131 


Radioisotopes with shorter half life are used 
in medical therapies 


has its application in 


archaeology & anthropology 


ound pipe system 


it is used for detection of leakage in undergr 


radioisotopes that have a shorter half-life are used in medical applications 


it is used to treat 
symptoms 


used for palliative 


this therapy is 


Radiometric dating 


methods & therapeutic treatment 


it has wider applications from thyroid to cancer treatment 


Carbon dating 
used for dating material up to 60000 


years old 


total body irradiation is used for preparing bone marrow transplant 


Potassium-argon dating 
used to measure samples of a wide 


variety of ages 


excessive exposure vomiting & nausea are 
common symptom of 


radiation poisoning 


to ionizing radiation 


Uranium dating 
used to estimate age of materials from 


1 million to 4.5 billion years old 


causes this problem 
even large doses of radiation during treatment cause this 


this may cause problems like cancer, tumors & genetic damage 


Lead dating 
was used by Clair Cameron Patterson to 


estimate the age the Earth in 1953 


terrestrial radiation ^ - 
these isotopes exist 


inside the human body 
since birth 


comes from 


rocks, soil & water 


cosmic radiation comes from the Sun & stars in s 


a-rays p-rays y-Tays 
by apaper by aluminium by thick layer internal radiation comes from radioactiv i 
e potass - 
sheet even shielding of lead Uns ess cruris 14 


—————————w.8 — ————— 


Radioactive Pollution 


it refers to 


the increase in 
natural radiation levels 


caused by human activities 


sources of radioactive pollution can be either natural or artificial 


Nuclear fallout includes 
nuclear testing & 
artificial explosion 


sources include 


Nuclear Fallout contains 
Radioactive Substances 


Uranium 
contamination is 
very severe in India 


a a ee Oe ns nuclear waste 


San Se ea : S & nuclear fallout 
Severe Uranium Contamination 


in India's Groundwater 


accidents in nuclear power plants is another source 


Uranium contamination is widespread mining of uranium & other radioactive material like thorium 
in groundwater from aquifers across 


16 States in India - WHO 


slow nuclear radiations can emanate from sources like nuclear reactors 


WHO has set a provisional safe drinking 
water standard of 30 micrograms of 
uranium per litre for India 


natural 
source include 


but, the Uranium is not yet included in 
the list of contaminants monitored under 
Bureau of Indian Standards Drinking 


cosmic rays from 


space & terrestrial radiations 


Water Specification some plant & animal species accumulative radioactive material 


continued exposure 


Slow nuclear YOU BRE 


radiations can Nuclear 


emanate from ae Reactors 


various sources 
A X-rays 


like e —1 


Chemotherapy 


to nuclear 
radiation can cause 


a number 
of health problems 


nuclear testing may cause pollution of water & soil 
Continued small dose exposure.to from soil & water, it enters into the food chain through plants 
nuclear radiation may cause 


radiation from nuclear waste is harmful & causes mutations to occur 


over-exposure of soil 
to radiation makes it 
highly toxic 


radiation exposure 


beyond a certain extent 


causes soil infertility 


it reacts with nutrients in soil & leads to their destruction 


Solution to 
Radioactive Pollution 


Nuclear Fuel Recycling Process 


AAA 


P Nuclear Reactor 


Chemical Uranium, 
e separation of plutonium 
p spent fuel; —p & neptunium 


a| Americium & 


Ee i are sent back 
Curium are 


to reactor as 
fuel 


fea 


1 


removed 


le 


E —> 


— Yi 


Americium ADS Americium 
& curium transmutes & curium 
are sent to Americium become safer 

ADS reactor & curium isotopes 


74 


their storage time is 
reduced from 10000 years 


to 500 years 


Nuclear 
spent fuel 
contains 


9 Uranium (94.5%) © Plutonium 
O Neptunium 0 Americium 
o Curium 


ADS Reactor 


Accelerator-driven sub-critical system 
reactor 


unlike other reactors which are critical 
reactors, it is sub-critical reactor 


in India, BARC has developed such a 
reactor 


BARC 
Bhabha 
Atomic 
Research 

Centre 


Carlo Rubbia 
- a Nobel laureate who 
conceived ADS reactor 


another option includes the dilution of radiation if storage is not possible 


Alternatives 
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Sub-Critical Reactor 
produces fewer neutrons 
by fission than are lost 
by absorption & leakage 
& requires an external 
supply of neutrons to 
maintain a constant 
reactor power 


disposal of 
radioactive waste 


is a challenge 


like normal waste, it can't be incinerated or buried 


it is required to be stored in heavy & thick concrete containers 


A 
1 


many of the 


problems in 
past emerged from 


these are 
environment friendly 
& not harmful 


accidents of 
nuclear power plants 


there is need to reduce dependence on nuclear power 


by 2022, Germany will shut down all its nuclear power plants 


there are many other alternatives in the form of renewable energy source 


more research & 
development is required 
on this 


reuse of the 


radioactive 
material is another 


solution of the problem 


nuclear waste can be recycled to use somewhere else 
spent plutonium & uranium can be processed for use again 


France is already converting spent nuclear fuels into 'mixed-oxide fuel' 


Critical Reactor 

is such a reactor where 
number of neutrons 

produced by fission is 
exactly balanced by the 
number lost by leakage 

& absorption by 

various material 

in the reactor 


radiation 
may enter into 


the human body 


by mere touch 
of radioactive material 


so, all radioactive materials should be properly labelled 
various precautions & preventions need to be put on the label 


it will help a user to handle such a material with adequate safeguards 


A A AO 


SESS 


o 
E > 


De a 


j What isit? 


Scalar vs. Vector Quantities 


a scalar quantity has only magnitude 


energy 


is the ability Joule 
a vector quantity has both is the SI unit 
magnitude & direction of a body of energy 
length, area, displacement, m energy com Coun VAn 
volume, speed, velocity, force, S 
mass, density, acceleration, Kinetic Energy 
pressure, momentum, drag, A m Ha p 
temperature, lift, thrust, weight it is the energy where 'm' is the 
energy, power etc. etc. mass of the body 


that a body possesses & 'v' represents 


its velocity 


due to its motion 


Chemical Bonds every moving object possesses kinetic energy 


kinetic energy is related to a body's mass & velocity 


* chemical bonds are formed when 
atoms in a substance come together 


Potential Energy 
— m.g.h 
where 'm' = mass; 


to organize into molecules & crystals 
* chemical bonding is essential for life 
* occur because the individual atoms 
want to reach a stable state 


potential energy 


'g' = gravitational 
force which is 9.8 
m/s? & 'h' = 


is the energy 
ossessed by a body 


due to its position height 


Chemical Reaction : SEE ; 
every object though it is in rest possesses this energy 


* chemical reactions take place 
everywhere 

* when chemical reaction occurs, a 
substance is changed into a new one 

* a substance thus formed has different 
chemical identity 


it is a scalar quantity; has magnitude only & not direction 


Stored in 
chemical bonds 


Conservation of Energy 
of atoms & molecules 


* energy is neither created nor 
destroyed - just one form of energy 
is transformed into another one 

* the total amount of energy remains 

the same before & after any energy 

transformation 


it is released in chemical reaction & produces heat 


nuclear explosion 
is an example of 
exothermic reaction 
& photosynthesis 
is an example of 
endothermic reaction 


exothermic 
nuclear reaction 


is a reaction that 


the sportsperson is 
running @ 4 km/h 


releases energy when 


the sportsperson is chemical reaction occurs 


running @ 4 km/h 
southwards 


an endothermic reaction requires energy input to occur 


SPLITTING OF 
URANIUM ATOM BY FISSION 


heat 
is flow of energy 
from a warmer to 
cooler object 


heat energy 
is produced b 


random motion of 


neutron 


+ ENERGY 


molecules in a body 


it can be transferred from one object to another 


neutron 


it is transferred by conduction, convection & radiation 


light 
travels at a speed 
of about 300000 

km/s 


lighter element 


CoRR e SRR Cen aee nnn aneeeesseeeenenenneenseees: light energy 


Mass Energy Equivalence 


* energy can be transferred into mass 
& vice versa 

* mass energy equivalence relation was 
given by Einstein (E = mé) 

* origin of solar energy, stellar energy, 

nuclear energy are traced using this 


Thermal Equilibrium 


* a state in which all parts of system 
are at the same temperature 

* this is achieved by transfer of heat 
from hotter object to a cooler one 

* it is the subject of 'Zeroth Law of 

Thermodynamics' 


Thermodynamics 


* is a branch of physics that deal with 
relationship between heat & other 
forms of energy 

* thermodynamics explains how 

thermal energy is converted into other 

forms of energy & affects the matter 


is a form of 


electromagnetic energy 


light energy can be seen directly like light of Stars 


it is formed through chemical, radiation & mechanical means 


in photosynthesis light energy is transformed into chemical energy 


sound energy Joule 


is a form of energy is the traditional 
unit of energy 


measurement 


that is associated with 


vibrations of matter 


it is mechanical wave & requires medium to travel 


unlike other forms of energy, sound is measured in joules 


electrical energy 
is a form of energy 


Practical units of energy 


hour 
electron 
volt 


mega 


which results from 


the flow 
of electric charge 


Zeroth Law of Thermodynamics 
States that if two systems are in thermal 


equilibrium with a third system at the 
same time, they are are in thermal 
equilibrium with each other 


nuclear energy 


is energy in the 
electron 


volt 


nucleus of an atom 


in nuclear fission, atoms split to release energy 


: Science & Technology 


Andhra Pradesh 


2%) Sources of Energy 
cae tot Nadu 
(5%) (1%) 

Others 
Eastern [proni (196) 
Offshore «— 1 | i 

= fuel is 
a substance 


heat energy 


Estimated Reserves of Crude Oil in 
India as on 31/03/2016 


Total estimated reserves = 621.10 million tonnes 
Source: Energy Statistics 2017 (CSO) 


CBM 


Andi P. [. 0.31%) 


IS 


m P: 
(0.06%) 


flows are 


Gujarat 
(5.14%) 


Nagaland 
(0.01%) 


Rajasthan 
(2.91%) 


Es 


Tripura 
(2.30%) 


Tamil Nadu 
(2.58%) 


Estimated Reserves of Natural Gas 
in India as on 31/03/2016 


Total Reserves = 1227.23 billion cubic metres 
Source: Energy Statistics 2017 (CSO) 


EWE Small hydro power 


Biomass power 


B Waste to energy 


Potential of Renewable Power in 
India as on 31/03/2016 


Source: Energy Statistics 2017 (CSO) 


that is burnt 


fuels is converted into mechanical energy 


most of world's primary energy comes from fuels 


natural processes 


that have energy 


flows like water, sunrays are primary sources of energy 


the energy of flows can be harvested with the help 


the source of 
energy which are 


Esencia 


Nuclear 
Energy 


Biomass 
Energy 


Geothermal 
Energy 


to produce 


heat or power Solar 


Energy 


Tidal 


: Energy 
released by reactions of 


Wind 
Energy 


fuels are grouped into fossil fuels, bio fuels & nuclear fuels 


Various flow can be 
harnessed to generate 
power, e.g. wind power, 


solar power, hydropower, 
wave power, tidal power & 


: . eothermal power etc. 
associated with movement E P 


of technology 


m 


Hydropower is a 
‘conventional source 
which is considered 


green 


non-renewable & 


are in use traditionall 


these are found in limited quantity & are exhaustible 


these igeiude coal; petroleum, gas, cowdung, firewood etc. 


these sources 


Renewable sources 
are those which can be 
regenerated within the life- 
span of human being 


are known as 


alternative 
sources of energy 


these are termed as renewable sources also 
these are inexhaustible with low gestation period 


it costs more for harnessing energy from such sources 


-all non-conventional sources are not renewable, e.g. uranium 


today, the world is shifting its focus on non-conventional sources 


I - 


Advantages & Disadvantages 


Energy resource Nature 


s Conventional; 
Fossil fuels al; 
Non-renewable 
Non- 
Nuclear conventional; 
Non-renewable 


Non- ` 
conventional & 
Renewable 


Conventional & 
Renewable 


Non- 
conventional & 
Renewable 


Non- 
Geothermal conventional & 
Renewable 
Non- 
Biomass conventional & 
Renewable 


Advantages 


e provide a large amount of thermal 
energy per unit of mass 

* easy to transport from one place to 
another 

e there is sufficient technology to 
extract crude oil & refine it 

e commonly used in generation of 
electricity 

e many other products like lubricants & 
plastics are made from it 


e cleaner source of energy, does not 
emit greenhouse gases as in the case 
of fossil fuels 

e nuclear power plants do not produce 
smog 

* very concentrated form of energy; so 
less fuel produces more energy 

* like solar energy, it does not depend 
on natural aspects 


e use of nuclear fuel will save fossil fuels, 


the Stock of which is very limited 


* limitless source of energy 
* does not produce any pollution 
e free gift of nature 


* cleaner source of energy; does not 
produce pollution 
e free gift of nature 


* relatively inexpensive to generate 


electricity 
* does not produce air pollution 


almost limitless source of energy 
e power plant requires little land 


e reduces need of fossil fuels 
e it is always available as crop residue 


Primary Energy 


of Various Energy Sources 


Disadvantages 


e these are non-renewable resources, 
once depleted, cannot be replenished 
for millions of years 

e burning of fossil fuels produces smog 
which is harmful for environment & 
human health 

e burning coal releases substances that 
can cause acid precipitation 

e oil spills occur in ocean which pose 
pollute marine environment 


e safety of nuclear power plants is 
always a concern; it is evidenced by 
nuclear accidents of Chernobyl & 
Fukushima; some wrong decisions in 
the management of Chernobyl led to 
such a disastrous accident 

e management of nuclear waste is 
another concern; it takes many year 
to eliminate its radioactivity & risks 

e cost of installation of nuclear plants 
is very high but their life is limited 


e expensive to use for large scale 
energy production 
* only means for sunny days 


* dams disrupt river's ecosystem 
e meant for only in areas having rivers 
* can't be used in dry season 


* only practical in windy areas 
* in some regions, winds blow only 
seasonally 


* can be only practical near hot spots 
* waste water can damage soil 


* requires large area of farmland 
* produces smoke 


energy that is directly harvested from natural resources; fuels & flows are categories of primary energy; can be renewable like 


hydel energy or non-renewable like coal, gas etc. 


SCALAR Rudy 


forms sofer energy which are e transformed from other energy sources through energy conversion process; secondary energy 


sources are called energy carriers; example: electricity 


Transformation of Energy 
one form of energy transforms into another form 


In an electric bulb, electric In a heat engine, chemical energy 
energy is converted into light of coal or oil is converted into 
energy & heat energy — . mechanical energy 


In an electric iron, electric S fna nuclear reactor mass 
energy is converted into de 
heat energy 


‘is converted into energy 


In an electric fan, electric: ee In Sun & other stars, 
energy is converted into — Tie ED mass is converted into m O e 
mechanical energy: ^ ^; ae E energy 


In hydroelectric power stations, 
> potential energy of water is 
converted into electrical energy 


In an electric geyser & 
heater, electric energy is 
converted into heat energy 
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Fossil Fuels 


Indicated 
(45.06%) 


fossil fuels are 


Inferred geologic deposits 


(10.22%) 


made from 
organic material 


Fossils are remains of plants 
& animals that lived in 
geologic past 


Estimated Reserves of Coal in India buried inside the Earth 


as on 31/03/2016 


they are formed from fossils of plants & animals 


pe ee N 
Total estimated reserves = 308.80 billion tonnes i : . 
fossil fuels are sometimes known as mineral fuels also 


P3 um n 


Source: Energy Statistics 2017 (CSO) 
Uttar P. (0.34%) Nagaland (0.1094) 
Meghalaya (0.19%) — Assam (0.17%) 
| Maharashtra 
(3.70%) 


Jharkhand 
(26.29%) 


fossils deca 
Telangana ecay 


(6.93%) 


by exposure 


to heat & pressure Lignite 12.784-19.293 


to makes fossil fuels 


West Bengal 
(10.21%) 


Chhattisgarh it takes millions of years for this transformation 


Odisha (18.15%) 


(24.58%) 


it is so that fossil fuels are termed as non-renewable 


coal, oil, natural gas & heavy oil are common fossil fuels 


l Madhya P. 
(8.71%) 
Statewise estimated Reserves of Coal 
in India as on 31/03/2016 


Source: Ministry of Coal 


fossil fuels contain 


organic molecules 


-— Proved (14%) 


Indicated 
(59%) 


which consist 


primarily of carbon 


Inferred 
(27%) 


Estimated Reserves of Lignite in 
India as on 31/03/2016 

one property 

of fossil fuels is 


that they 
are combustible 


Total estimated reserves = 44.59 billion tonnes 
Source: Energy Statistics 2017 (CSO) 


— Others (1.03%) Oxygen 


water vapour, CO», ash & some other 


Gujarat $ 
(6.10%) | Tamil Nadu byproducts when the fossil fuels are burnt 
; ——- [) 5 A ? E 
a (80.02%) carbon dioxide combines with Orto produce heat 


higher use of fossil fuels is not good for environment 


[£0 Jo ANsturpy :221nos 


Statewise estimated Reserves of 
Lignite in India as on 31/03/2016 


burning of more fossil fuels adds more to global warming 


fossil fuels 


are trapped 
underground in 


the layers of rocks 


Deformation of salt domes can deform 
rock units into traps that hold oil & 
natural gas 


fossil fuels 


N-E Region (1%) 


during combustion 


release carbon 


Eastern Region & hydrogen compounds 
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they are extracted by drilling & digging operations 
oil & natural gas reservoirs can be found under salt domes 


being lighter, gas floats on the top while liquid oil lies underneath 


04 . Carbon dioxide 
NOx Oxides of Nitrogen 
Mera) Oxides of Sulfur 


(13%) l 
Region these compounds combine with oxygen in the air 
X * " 26% e " 
Southern pecu» & this leads to the formation of CO2 & water vapour 
Region / l x : : 
(24%) Westem burning of fossil fuels also produce NOx, SOx, particulate 
— . . 
Region matter, volatile organic compounds, carbon monoxide & mercury 
(36%) 


Region-wise installed generation capacity of 
Electricity (utilities) in India as on 31/03/2016 


Total installed capacity 302.08 GWh 


Source: Energy Statistics 2017 (CSO) advantage 


Lubricants LPG 


is that they are 


(0.45%) (4.56%) CEE) abundant & accessible 
j Motor Gasoline ; ] ] 
Bitumen (15.23%) can be extracted with high degree of efficiency 


S 


Fuel Oil — hh 
(4.20%) LX 
Light 
Diesel Oil 
(0.1994) 


(2.22%) 
Coke 
(5.74%) 


Naphtha 
(7.70%) 


Kerosene 


amma (323%) 


High Speed Diese Aviation 
(42.51%) Turbine Fuel 
(5.08%) 


Distribution of production of Petroleum 
products in India in 2015-16 


EE ee DEM 
Total production = 291.32 million tonnes 


Source: Energy Statistics 2017 (CSO) 


their major 
disadvantage 


is that they contribute 


to global warming 


fossil fuels are easy to transport unlike solar energy 
use of fossil fuels is safer in comparison with nuclear fuel 


fossil fuels are more stable, therefore it is easier to store them 


their use pollute environment & causes acid rain 


oil spills occur which cause loss to the marine ecology 


carbon & 

hydrogen . 
molecules make 
fossil fuels stable 


Calorific Value 
it is the amount of energy contained 
in any fuel; it is ascertained by 


measuring the amount of heat 
produced by the total combustion of 
a given quantity of it; it is expressed 
in Joules per kilogram 
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Solar Energy 


DC 
I Isolator 
Switch 


Solar Panels AC 


Isolator 
Switch 


Isolator 
switch 


Fuse Box 


a Solar 
-— Power 


Meter 


Energy 
Supplier 


Main Supply Met 
ain Supply Meter Box solar-powered 


photovoltaic panels 


Working of Solar Panel 


convert solar radiation Solar cells 
TEES detect visible and 
: . et into electrici x 
Timeline of Solar Power D near infrared 
solar panel consists of a number of solar cells light 


v photons of sunlight excite electrons in solar cells 
Solar photovoltaic | solar cells detect electromagnetic radiation & get excited 
effect discovered : 3 : 
D» Ed 1839 the negatively charged electrons in a cell create electric voltage 
y MDC, 
Becquerel 
Selenium-based 
solar cell created 
1883 by Charles Fritts heat from the Sun 
- it was only 1% " 
efficient is used 
First to make steam 


photovoltaic cell 
was invented with 


or heating water 


conversion 1954 solar thermal power plants use heat to create steam 
i f : m. 
CM mirrors on solar panels gather sunrays to heat a special liquid 
0- 0 


the heat from the liquid then boils water and thus steam is generated 


solar energy was 

1958 first utilized in 

space to power 
satellites 


the steam spins turbine which is connected to generator & creates electrici 


Solar Impulse 2 - 


PV Cell 
the first solar Photovoltaic 
powered plane to — 2016 Cell 


complete round 
the world trip 'photovoltaic' because they generate electricity from visible light 
set of electrically connected PV cells fit into a frame is called solar anel 


photovoltaic cells have electric field & are made of semiconductors like silicon 
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solar cell is 
like a battery 


in the sense that 


it supplies DC 
power like a battery 


i one 


p-n junction 


cell voltage changes with change in load resistance 


therefore, in this sense, solar cell is different from a battery 


it is generation 


of voltage see image 
across p-n junction on the left 


Anti-reflection 


| coating 


in a semiconductor 


voltage is generated from absorption of sunlight 


a device based on this effect is called photovoltaic device 
— 


External load 


a solar cell 


to reduce light reflection, 
a thin film of silicon nitride & 
two layer - titanium dioxide is coated onto 
'n' type & 'p' type the surface of the cell 


p-n junction is a physical barrier between them 


Rear contact 


is formed by 


STRUCTURE OF A SOLAR CELL 


metal contacts are printed onto the front & rear side; 
these are to channel electrons & holes to generate power 


What is p-n junction? 


mostly, aluminium or silver layer is screenprinted onto the rear 


p-n junctions are formed by 'p- 
type' & 'n-type' semiconductor 


materials efficiency of 


monocrystalline solar 
cells is between 1496 
& 18% 


monocrystalline 


n-type region has high electron 
concentration 


are manufactured from 


round single crystals 


p-type region has high hole 


f polycrystalline 
concentration y BAT. : 
eder eee eee - are manufactured from £C RECI, oft n 
electrons diffuse from n-type t film cells varies from. ; 


silicon blocks 


be 


side to p-type side 6% 108% : 


— 


their efficiency lies between 12% & 16% 


in thin-film cells, a thin film of photoactive material ‘amorphous 
silicon’ is vapour-coated; this is done at a temperature of < 250°C 
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Solar Energy 


e Vorld's largest solar power plants 


Kamuthi Solar Power Station Tamil Nadu, India 


inverter is an 


essential part of 


Leeds Dun Sor Par 
Kumool Ultra Mega Solar Park 
Enel Villanueva PV Plant 


any solar PV system 


the solar panels generate direct current which is 
converted into alternating current for use in homes 


Maktoum Solar Park Emirates (UAE) 


string, central & micro are various inverters for solar use 


in a solar | PV 
PV system that is system is 
3 tied to the grid eR UAI 
Insolation/Irradiation system 
use a bi-directional meter 
* insolation is a unit of measurement f NUT 
: c the meter moves forward when grid electricity is used 
used in the solar energy industry 
* it is a measure of solar radiation in an & it moves backward when solar power supplied to the grid 
area over time so, utiliy companies buy back excess electricity from consumers 
* its most common unit is kilowatt- 
hours per square meter per day 
DC isolator switch DC. 
refers to Direct 
is a safety device Current 
* it refers to Solar Disinfection in a solar PV system 
* water-filled plastic bottles/jars are . , . 
exposed to sunlight from 6 hours to isolator switch disconnects manually from modules 
2 days it is used to disconnect solar panels for maintenance etc. 
* WHO recommeds this for treatment à 
of household water 
AC is isolator switch AC 
Electrical Grid * 
Pens is also a safety device Alternating 
Current 


* electrical grid is a network that like a DC isolator switch 
interconnects the units of generation, 
transmission & distribution 

* it supplies power from generating 
unit to distribution units through 


transmission lines 


AC isolator switch is used to disconnect the inverter from grid 


this disconnection is required for maintenance, repair or installation 


$72 2 E 277 D? aoe: p^ PY, MN 


solar batteries 


in solar systems 


are used to store 
energy from the Sun 


batteries are essential in an off-grid solar system 
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SOLAR 
HIGHWAY 


is progressing 


thanks to the scientific brethren who are 
bringing many breakthroughs in solar technology 


below 


some of such advancements are mentioned in lines 


solar skin is 
a protective coating 


U.P. (22380) Telangana (20410) 
Odisha (25780) for solar panels 
Rajasthan Karnataka : 
(142310) i (24700) n uis 
* their efficienc 
H Andhra P. y 
| (38440) it protects panels from corrision & has aesthetic value 
Gujarat ag 
(35770) 
Maharashtra H.P. 
(64320) (33840) 


it refers to 
the stitching of 


J&K (111050) 


M.P. (61660) «——— tiny solar panels 


India's top States in terms of potential of to the fabric of clothing 


Solar Energy as on 31/03/2016 (in MW) 


it will help solar to penetrate in various buildings 


Total estimated potential of Solar Energy in 
India as on 31/03/2016 was 748990 MW 


Source: Energy Statistics 2017 (CSO) 


such solar panels could be used in window curtains etc. 


Sa 


road infrastructure 


World's 
first solar panel road 


Wind Energy is repurposed hts 4i 
(33.7896) as been opened in 
Small to tap the potential Normandy village in 
F ; 
E Hydropower plastic covered solar panels are put on highways AS 
(1.65%) 


Solar Energy h 
(62.48%) 


" Be 4 this is workable on concrete roads, not on asphalt roads 
P b 

Biomass Power 
(1.46%) 


ecause asphalt roads compress under the weight of vehicles 


both China & America are trying solar roads on experimental basis 


a 


Bagasse 


Waste-to-Energy (0.42%) 


eS. 
(0,21%) A 
Sourcewise estimated potential of an emerging form of photovoltaic systems 
Renewable Power in India as on 31/03/2016 


such panels float on canals & oth i 
Source: Energy Sutistics 2017 (CSO) p er water reservoirs 


this way, the electricity is produced without using land area 
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Solar Energy 


Installed solar capacity 


(as on Jan. 30, 2018) M 


trackers in 


solar panels 


allow panels 
to follow the Sun 


as it moves 


Target of installed ` 
across the sky 


solar capacity 
by 2022 


this technology maximizes the electricity production 


—— ee ee eee 


Statistics of Solar Power in India 


these panels keep on shifting to match the location of the Sun 


this is ideal for ground mounted panels in home having smaller roofs 


current 
record of solar 
panel efficiency is 


technology has 


helped a lot 


C . : x 
in increasing around 25% 


solar cell efficiency 


a new technology has been developed by the 
MIT to double the overall efficiency of solar cells 


they capture & utilize the waste heat from solar panels 


West ng East 


Structure of Solar Tracking Mount 


MIT 
Massachusetts Institute 


of Technology 


Solar Thermal Fuels 
vs. Battery 


Solar fuels cells are different 
from typical batteries 


in typical batteries, energy is 
Stored in the form of heat 
which dissipates over time 


a new solar device 


it is an improvement over to purify water 
previous designs in which 
solar power is stored as liquid 


substance 


has been developed 


it is of tablet size, about half of the size of ostage stam 


it accesses visible light & produce reliable drinking water in minutes 


it is different from earlier purifiers in the sense that they harness UV rays 


Solar Thermal 
Power Systems 


* known as concentrating solar power 
systems also 
e they use concentrated solar radiation as 
a high temperature energy source to 
produce electricity via thermal route 
e there are three such systems: 
=> Parabolic trough system : temperature 
reaches to 400 °C & produces steam to 
generate electricity 
— Power tower system : reflected rays of 
the Sun are aimed at receiver where 
temperature rises above 1000 °C 
= Parabolic dish systems :temperature 
reaches at 1000 °C at receiver & achieve 
highest efficiency 


* Geosynchronous Satellite Launch 
Vehcile 


e it is an indigenously developed 
launch vehicle of India 


* it is a three-stage vehicle & currently 


in operation 


* was established in 1969 


for national development of India 
* it is administered by Department of 
Space which is under the PMO 


* Bharat Heavy Electricals Limited 


* it is India's largest power generation 
equipment manufacturer 
* is headquartered at New Delhi 


there 
are 23 IITs 
in India 
now 


* Indian Space Research Organization 


* it works to harness space technology 


* was incorporated in November, 1964 
* is owned by the Government of India 
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Solar Energy 


solar energy can be 


used in two ways 


thermal route 
& photovoltaic route 


India is harnessing solar energy through both routes 


India 
India's space is importing this 
agency has brought technology from 
USA since 
technology to produce 1975 


solar cells in India 
solar cells are important to keep satellites alive in space 


so far, India is depending on imported technology of solar cells 


for developing a satellite like GSAT, 10000 to 20000 cells are needed 


so, it drains crores of rupees out of India just for buying solar cells only 


ISRO has brought 


technology 


PMO 
Bd from USA now Prime Minister's 
Time . 
Minister's for mass production Office 
Office of space solar cells in India 


BHEL will produce cells at ISRO's facility in Bengaluru 


it will reduce cost & save our space program from uncertainties 


us TEC 


ecofrost is a 


solar operated device 


developed by a 
team of IITians in India 


ecofrost is small solar-operated cold storage unit 
food is preserved in this & hence, its shelf life extends 
agriculture produce can be stored for up to 21 days in this 


its temperature can be adjusted from remote using mobile phone 


Science & Technology 


Esencia : 


Statewise Estimated Potential of 
Solar Power in India as on 


| t 31/03/2016 


l 33840 
MW, 
2810 MW 


Z 
Or 
$5 


X X 
4940 MW 8650 MW 


2050 MW 


35770 MW 
61660 MW 


A l 
18270 MW A 


880 MW 
38440 MW 
l 
o 
d 0 
g 
a 
Å 


Source: Energy Statistics 2017 (CSO) 
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Solar Tree 


SOLAR 
TREE 


an innovative Tree Generating 


& decorative Renewable 
means of producing 


Energy & 


electricity 


Electricity 
from solar energy 


photo-voltaic cells in a solar tree are arranged in Fibonacci series 


SE AIRE ZE 


* a Fibonacci Series starts with either 
'0 or 'l' 

* each number in the series is the sum 
of the preceding two numbers 

* example: 0, 1, 1, 2, 3, 5,8 ... ; general 

expression is Xn= Xn-1+ Xn-2 


. Phyllotaxy d NE 


* phyllotaxy is a term in botany 

* it is the arrangement of leaves on the 
stem or branch of a tree in such a way 
that they receive maximum sunlight 

* phyllotaxy is of three types - spiral, 

opposite or whorled 


Understanding Fibonacci Sequence 


is a technique 


that is used in 
designing of solar tree 


it protects lower panels from the shadow of upper ones 


this ensures the tracking of maximum radiation from the Sun 


the solar trees 


are fitted with 


internal control systems 


solar tree panels charge batteries during the daytime 


a sensor fitted in solar tree measure the amount of sunlight 


so, it triggers the solar lamps to switch on & off automatically 


trees do Parts in a Solar Tree 


photosynthesis EB Solar panels 
makes food a [owe ower 


from solar energy 


& serve the 
human society 
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Solar Tree 


solar trees require 


less land in 
comparison with 


conventional PV systems 


a solar tree generates maximum energ from minimum land 


tracking systems can be used in solar trees track Sun's direction 


Nano leave solar trees can be further modified to collect energy from wind also 


in India, where 
population is growing 


cells are 2nd 
generation 
solar cells 


& land per capita is less 


* it is a thin film of photovoltaic 
material that is deposited on a 
substance like glass, plastic or metal 

* it is made of amorphous silicon, 

cadmium telluride & copper indium 

gallium diselenide 


Solar Thermophotovoltaic Cell ~. 


* scientists at MIT have developed a 
solar thermophotovoltaic cell 

* the cell absorbs solar heat during the 
day which can be converted into 
electricity at night 

* this new cell is a multilayer cell 


solar tree is 
a better option 


India suffers from land scarcity & food insecurity 


setting up of large solar parks does not seem viable here 


no doubt, solar parks can also be established on barren lands 


solar trees can be placed along pavements, highways, in parks etc. 


are artificial trees 


which use 
renewable energy 


from Sun & wind 


& thus provide energy that does not harm environment 


“ so, this provides an environment-friendly energy alternative 


^ 
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solar nano leaf 


is an artificial leaf 


in solar botanic tree 
nano leaf is an essential element in this technolog 
there is a thin photovoltaic film on one side of the leaf 


the thin photovoltaic film converts the sunlight into energ 


[19D ?mgo^ojoudouuoy [ 1210S 


on the other side of the leaf, there is a thin thermo voltaic film 


the thermo voltaic film capture heat from Sun to make electricity 


————————.w —— — — — ——- 


| 
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National Solar Mission 


100 GW 
(100000 MW) 


20GW 
(20000 MW) 


2 
7 4 
VIL LL EUR UU ne 


Original Target Revised Target 
in 2010 in 2015 


MÀ ——— MÀ 


Rooftop Grid connected solar 
Solar Panels power projects 


CoP-21 
India's INDGs - 


to reduce emission intensity of 
India's GDP by 33% to 35% by 
“* 2030 from 2005 level 


achieving about 40% cummulative ery 
electric power installed capacity / 
from non-fossil fuel based 
energy by 2030 


to create additional carbon sink 
of 2.5-3 billion tonnes of CO 2 
equivalent through additional 

forest & tree cover by 2030 


Viability Gap Funding (VGF) is a one 
time grant 


it is provided to support infrastructure 
projects that are socially & economically 
justified, but financially are not viable 


India launched its 


it is named as Jawaharlal Nehru National Solar Mission 


it is one of missions under National Action Plan on Climate Change 


There are 8 
Missions under 
National Action 


Plan on Climate 
Change | 


National Solar Mission 


in the year 2010 


target of 
100 GW is expected 
to abate over 170 million 
tonnes CO2 over 
its life cycle 


it is an initiate 
of the government 


with active participation 

from various States Nascar c RD 
the purpose is to promote ecologically sustainable growth 
besides this, it will address India's energy security challenges also 


it is important in view of India's INDCs committed by it in CoP-21 in Paris 


INDC 
Intended Nationally 
Determined Contributions 


the original target 


CoP 


included deployment Conierence of 
of grid connected solar power Parties 
of 20 GW by 2022 


in the year 2015, the previous target was revised to 100 GW 


with this, India will become one of the largest green energy producers 


SECI 


Solar Energy 


the project 
proj Corporation of India 


of setting u 
E Up is a company owned 
100 GW by Ministry of New & 


solar capacity Renewable Energy 


facilitates implementation 
of National Solar Mission 


will require about 
60000 billion rupees 


the government is providing capital subsidy 
of Rs.15050 crore in the first phase of the project 


the capital subsidy is provided for rooftop solar projects 
the subsidy is provided for viability gap funding based projects 


the subsidy is applicable for projects developed through Solar Energy 
Corporation of India & decentralized generation through small solar projects 


: Science & Technology 


Esencia 


National Solar Mission 


India's Year-wise & Cumulative targets of 
solar capacity under National Solar Mission 


the project of 


PSU 
— Public Sector 
60000 billion dean 


rupees includes 


= Cumulative Figure 


000001 


m Yearly Figure 


IPP 
Independent 
Power Producer 


capital subsidy 
of Rs.15050 crore 


to develop Rs.90000 crore investment projects 
using bundling mechanism with the thermal power 


more investment will come from large scale PSUs & IPPs 


RENS CENGESMGSE ENS 


in S billion 


S.Africa (0.6) 


India’ eee S «. Mexico 
(1.08) \ «& » ] 0.67) 


State govts. are 


KEN / / 
Morocco | ecc / Brazil 
0.233. (0.72) 


Source: Ministry of New & Renewable Energy, also contributing with 


Government of India their specific 


solar policies to add 


Contributions from dedicated 


Installed capacity of Grid Interactive Solar : à EAr 
| Climate Funds (as of 2017) 


to the solar capaci 
Power as on 31/03/2016 (in top States) pa 


other contributors include bilateral & international donors 


Punjab (405.06) hg Andhra P. (572.96) 


Green Climate Fund is also helping India to achieve the target 


in Ist half 
of 2018 


Telangana EN à 
(527.84) A Gujarat 
> (1119.17) 


India (+22%) 
China (-15%) 


Tamil Nad 
(1061.82) 


Madhya P. 
(776.37) 


Rajasthan (1269.93) 


Green Climate Fund 
* was established at CoP-16 


held at Cancun (Mexico) in 
2012 


Import in India with this 


manufacturing 
related to this will 


* has it HQ at Songdo in 
South Korea 


get boost in India 


* a Fund for investments in 
low emission & climate 
resilient development 


this will make India a solar technology hub 


demand of solar technology will promote R&D 


Natural Gas 


increased installation & manufacturing will generate employment 


2006-07 2015-16 


direct & indirect jobs in both skilled & unskilled sector will get boost 


Esencia : Science & Technology 


Eight Missions under 


National Action Plan on Climate Change 


= Mission 1 


National Solar Mission 


Mission 2 


Mission 8 


National Mission on 
Strategic Knowledge 
for Climate Change 


= 


National Mission for 
Green India 


National Action Plan X Mission 3 


% 
on Climate Change j 
National Mission on (NAPCC) Ce National Mission for 
Sustainable Habitat Enhanced Energy 
Efficiency 


Mission 4 


National Water 
Mission 


Mission 6 


National Mission for 
Sustaining Himalayan 
Ecosystem 


Mission 5 


National Mission for 
Sustainable Agriculture 


Russia 
Energy Self-Sufficiency Ratio us Energy Efficiency 
By ct eee S.Africa EA 
1 ey ee RN Xd 118) 7^ 
it is the ratio between primary energy output : Ji 


& consumption 


it refers to have more output with the same 
/ amount of energy 

India , 

(65) | 


it is measured in percentage form Bureau of Energy Efficiency works to 


promote it in India 


Hong Kong has the least energy self- 
sufficiency & South Sudan had the highest 
one followed by Norway 


Pakistan \ 
(76) 


seny Ád1oug Wal :901nos 


it is measured by the Energy Efficiency 
Index 


Energy Self-Sufficiency Ratio 
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Schemes of Government of India 


to achieve 100 GW target by 2022 


Scheme/Programme 


Setting up of over 300 MW of Grid 


connected solar PV projects by 
Defence establishments & para 
military forces 


Development of Solar Parks & 
Ultra Mega Solar Power Projects 
of 40000 MW 


750 MW Viability Gap Funding 
Scheme under JNNSM* Phase-II 
Batch-I 


* Jawaharlal Nehru National Solar Mission 


Scheme/Programme 


Capital subsidy scheme for 
providing basic lighting needs 
through solar charging stations 
(with lanterns) to be implemented 
in 100 villages in each of 60 
LWE* affected districts 


Off grid & Decentralized solar 
application scheme in 2nd phase 
of JNNSM-Solar cooker program 


Capital subsidy scheme for 
installation of solar thermal 
systems 


Grid Connected 
Schemes 


Scheme/Programme 


2000 MW Viability Gap Funding 
scheme of National Solar Mission 
Phase-II Batch-III 


5000 MW Viability Gap Funding 
scheme Batch-IV Phase-II 


Setting up of 1000 MW of Grid 
connected solar PV power project 
by Central Public Sector 
Undertakings, Government 
organizations 


Scheme/Programme 


Solar water heating 


Solar air heating 


Solar steam generation/pressurized 
hot water/air systems 


Scheme/Programme 


15000 MW grid connected solar PV 
power plants through National - 
Thermal Power Corporation 
(NTPC) 


Grid connected rooftop & small 
solar plants of 4200 MW 


Development of 100 MW Grid 
connected solar PV power plants on 
canal banks & tops 


Source: Akshay Urja 


Scheme/Programme 


Solar thermal refrigeration/cooling 


Solar Thermal Power Park 
(including hybrid with Solar PV) 


Installation of 10000 solar 

PV water pumping systems for 
irrigation purpose implemented 
through NABARD 


* Left Wing Extremism 


es en ee s 


Source: Akshay Una 
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India's top 3 States in terms of E 
approved capacity in Solar Parks to 


What is a solar park? 


< i 


solar park is 


MNRE 
a concentrated Ministry of New 
zone of development & Renewable 
k Energy 


of solar power 
generation pojects 


Andhra P. 


li «€ 


in MW > 


this is a scheme of Ministry of New & Renewable Energy 
MNRE launched it in affiliation with Solar Energy Corporation 


o>: 


Rajasthan (4331) 


As on August, 2018 


MNRE in SECI 
NE , Solar Energy 
affiliation with CEN ot 
SECI has launched India 


the scheme to encourage 


solar parks construction 


a solar park has capacity to generate 2 500 MW electricity 


solar parks will be set up across States from 2014-15 to 2019-20 


Axe 


objective of 


the government Ultra-Mega Solar Power project 


is a single power project with 
capacity of over 5,00 MW 


is to create 
at least 50 parks 


with capacity 
of 500 MW & above 


the overall target is to install around 40000 MW electricity 


till now, ~26500 MW capacity is approved in 45 parks in 22 States 


e / ^N €^ 

E = © 1000 = 
200 (^ 
= 


the scheme proposes 


Solar Parks approved under Solar Parks Scheme 
(in various States of India) to provide 


E financial support 


-- —+ Number of Solar Parks approved 
7N 


(aioe 


ie —» Approved Capacity (MW) 


Out of total target of 40000 MW, 26449 MW has been 
installed as of 30/06/2018 


by the Government of India 


the financial support is to create infrastructure at solar parks 


the power will be gridded to ultimate locations via green corridors 


power is purchased from sol 


ar park developers by State Govt. utilities 


solar parks are set up in joint venture with Govt. or by private developers 


Solar Parks 


falling Solar 
Tariff in India 
(Rs./kWh) 


* is an important fucntion 
it refers to the immediate evacuation 


of power from producer to the grid 
for distribution 

* efficient evacuation system is critical 
element in the entire business chain 


* DISCOM is a distribution company 
that supplies electricity to the 
consumer 

* Govt launched UDAY - scheme in 

2015 for the financial revival of 

power DISCOMS in India 


Availability of land (sq.km) per 1000 people 


India 


Russia (2.59) 


(120.79) 


S. Korea 
(2.03) 


Bangladesh 
(0.872) 


Brazil 
(43.07) | 

TT fy 
usa | |||! 
(30.16) 


n | 
j | | | | Japan 
' (2.94) 


S.Africa 
(25.01) 


Pakistan 
(4.51) 


Comparison of availability of land 
(2008 statistics) 
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solar irradiation 


is not available 


throughout 
the day & year 


it is less during winter and non-available at night 


availability of land 
for solar parks 


is another issue 


per capita availability of land is very low in India 


it takes long for conversion of private land for solar parks 


power evacuation 
arrangements with the 


power DISCOMS is also 


a critical factor 
production-distribution time match is a crucial factor 


power evacuation infrastructure is also an important factor 


continuous fall 


d "m ‘ UDAY 
in electricity tariff 


Ujwal DISCOM Assurance 
Yojana 


is another factor 


this makes investors 


less interested in solar projects 


willingness of DISCOMS to buy solar power is another factor 


cost of financing 
is very high in India 


in comparison 
with developed countries 


falling tariffs & high financial costs reduce profitability 
business environment conducive for large investments is a question 


payment security of power sold to DISCOMS as they are not well financially 
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biomass is 
organic material 


that comes from 


plants & animals 


biomass is one of the renewable sources of energy 


biomass has stored energy from the Sun in chemical form 


In the process of photosynthesis, plants convert 
radiant energy from the Sun into chemical 


energy in the form of glucose or sugar photosynthesis 


is a chemical process 


SUNLIGHT i 

et ; by which plants & 

Water + Carbon dioxide use of biomass 2 
——» Glucose + Oxygen some bacteria 

6H20 6CO2 CéH1206 602 as a fuel convert CO2 & water 


in glucose by taking 
energy from sunlight 
& produce O2 for 
life on Earth 


can be either 


direct or indirect 


direct use is limited to thermal conversion only 


biomass is also converted into liquid biofuel or biogas 


conversion is done through chemical or biological processes 


according to 
estimates, the total 
biomass of the Earth 
is around 560 billion 
metric tonnes; each 
year roughly 146 
billion tonnes of 
biomass is generated 
on the planet 


SGT. 


waste residues 


of biotic material 


will always exist 


agriculture & forestry is never going to end 


Alcohol fuels 


Landfill gas properly managed forests can provide more trees 


different technologies 


Biomass can be 
woody like tree; - 
provide wood for 
burning & oil for 


are applied for 


recovery of 
energy from biomass 


thermochemistry-based technologies form one grou 


such technologies involve combustion, gasification & pyrolysis 


of technologies is based on the principles of biochemistry 


involves anaerobic digestion, fermentation & transesterification 
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Biomass Energy 
- the technologies 


Products of 
Fermentation 


technologies used 


in harnessing 
energy from biomass 


biochemistry based 
& thermochemistry based 


it is direct 
burning of biomass 


at high temperature 
of about 800°C 


* is methyl alcohol with chemical 
formula CH;0H 

* previously, it was produced by direct 
distillation of wood 

* now it is produced industrially by 

hydrogenation of carbon monoxide 


heat energy, inert gases & ash are produced in this 


heat released from this is turned into steam or hot water 


the steam, thus generated, rotates turbine & produces electricity 


1 : à 3 transesterification 
* caustic soda is sodium hydroxide 


with chemical formula NaOH 
* it is alkaline by nature & used in 
making of paper, detergents & textiles 
* highly soluble in water, absorbs 
moisture & CO» from the air 


is a chemical reaction 


that produces 
biodiesel from biomass 


the chemical reaction converts oil from biomass into biodiesel 


methanol & caustic soda are used as catalysts to fasten the reaction 


methanol reacts with vegetable oil/animal fats to form biodiesel & glycerin 


transesterification process reduces viscosity/molecular weight of vegetable oil 


TTL, = = 


* is an anaerobic process 

* by the process of fermentation 
organic molecules are metabolized 
into acids, gases or alcohol 

* it occurs in certain types of bacteria, 

fungi, yeast & O2 starved muscle cells 


conversion of 


biomass to biofuels 


involves three steps 
biomass is converted into a fermentation feedstock 
then the given feedstock is fermented using microorganisms 


lastly, 


Zymology 


refers to the study 
of fermentation 


fermented material is processed to make fuel-grade ethanol 


sugary/starchy/cellulosic materials are used as fermantable substrates 


Biomass Energy 
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- the technologies 


Annual biomass 
production 


India 
(0.5 billion tonne) 


World x 
(146 billion tonne) 


Synthesis Gas 


* consists primarily of hydrogen, 
carbon monoxide & some amount of 
carbon dioxide 


* it is used in creating synthetic natural 


gas (SNG) & for producing ammonia 
& methanol 


Producer Gas 


è is a mixture of various flammable & 
non-flammable gases 

* principal flammable gases are carbon 
monoxide & hydrogen 

* principal non-flammable gases are 
nitrogen & carbon dioxide 


* an abbreviation for synthesis gas 

* is produced by gasification of carbon 
containing fuel 

* cannot be burnt directly, but used as 
a fuel source to produce synthetic 
petroleum or SNG etc. 


Biomass : 
Biomass provides 32% 


of all primary energy 
used in India at 


present 


Anaerobic digestion — 


besides methane & 
carbon dioxide, biogas 
includes hydrogen 
sulphide & ammonia 
also 


it is bacteria-induced 


fermentation 
of organic matter 


into biogas in 
the absence of air 


nic waster & crops 


organic matter includes animal manure, orga 


biogas includes includes 40-75% methane-rich gas with carbon dioxide 


the biochemical reaction that occurs in this process is called methanogenesis 


in pyrolysis 


organic matter is 
chemically decomposed 


syngas is a 
synthesis 
gas 


with the help of heat 


the this, organic matter is heated in the absence of air 


molecules break down to produce smaller molecules of gas 


d are collectively called syngas 


the molecules of gas thus produce 


in gasification 


biomass 
reacts with air 


under extreme temperatures 


this process of gasification produces 'producer gas' 


it reacts with the pure oxygen to produce synthesis gas 


synthesis gas, thus produced, is used further to produce fuel 


biomass can be 


used to produce 
heat & electricity 


it can be used in combination with fossil fuels 


combined with fossil fuels it improves efficiency 
biomass can replace petroleum as a transportation fuel 


moreover, biomass is conventionally in homes for cooking etc. 
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Biomass Energy in India 


in India's 


energy profile 


biomass is important 


this is because India mainly lives in villages 


agriculture is the main occupation of the rural folk 


Total potential of Target to achieve 
biomass energy by 2022 


India has 


potential of about 


18 GW of energy 


% of India's population depending on 
biomass for its energy needs 


from biomass 


Ministry of New & Renewable Energy has set 
target of 10 GW of installed biomass power by 2022 


today, ~32% of total primary energy used come from biomass 


more than 70% 


Population depending on biomass for of India's population 


energy needs 


depends on biomass 


for its energy needs 


India's installed grid interactive renewable 
power capacity as on Feb, 2016 


India has > 5 GW capacity biomass powered plants 


0 fth : ee 7 ^ 
Waste-to-power (0.2%) 83% of those are grid connected & remaining are off. grid 


more biomass based power plants are under implementation 


Biomass 
(15.9%) 
the ministry has 


developed a policy 


Power 
(8.5%) 


for biomass & 
bagasse cogeneration 


government gives subsidy on various biomass projects 


besides this, a 10-year 


income-tax holiday is also announced 


other incentives include the concession in customs & excise duty 
7 OE. 


technical upliftment of processin units 


power evacuation & promotion of efficiency 
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Statewise Biomass Power 
Potential in India 


Process 


Combustion 


Gasification 


Pyrolysis 


Anaerobic 
Digestion 


Alcohol 
Fermentation 


Trans- 
esterification 


Table containing Bio-energy Processes 


Biomass 
Feedstock 


Diverse biomass 


Diverse biomass 


Wood, Agricultural 
waste, Municipal 
solid waste 


Agricultural waste, 
Municipal solid & 
liquid wastes, 
Landfills & animal 
manure 


Agricultural waste, 
Sugar or Starch, 
Crops, Wood waste, 
Pulp sludge & Grass 
Straw etc. 


Vegetable oil & 
Fats from animal 
tissues 


Product 


THERMAL CONVERSION 


Heat & Power 


THERMO-CHEMICAL CONVERSION 


Low or medium 
Btu - producer gas 
(Btu - British 
Thermal Unit) 


Synthetic fuel oil 
(Biocrude), 
Charcoal 
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Highlights 


e Combustion can be applied for biomass feedstocks with moisture | 
contents up to at least 60% | 

e Combustion is ideally suited for power segments which works well 
beyond 5 MW 

e Combustion comprises over 85% of installed capacity for 
biomass based power production in India 


e well suited for small scale applications (20 kW to 2 MW) 

e at present less than 125 MW of cumulative installed capacity 
in India uses gasification 

e it comprises of less than 15% of total biomass capacity 
(excluding cogeneration) 

e gasification can produce a high purity syngas for catalytic 
conversion processes for the production of liquid biofuels 


e this process is not well established currently in India or elsewhere 
in the world though it is simple, low-cost technology which can 
process a wide variety of feestocks 

* well suited for plants beyond 2 MW capacity 


BIO-CHEMICAL CONVERSION 


e it is a commercially proven technology & is widely used for 
recycling & treating wet organic waste & waste waters 

e anaerobic digesters of various types were widely distributed 
throughout India & China 

* this process is widely used in small size, rural & off-grid 
applications at the domestic & farm scale 

e small scale biogas for households use is a simple, low-cost, low- 
maintenance technology & is used for decades 


* sugar molasses is extensively used as a feedstock for alcoholic 
fermentation 

e recent advances may allow bioethanol to be made competitively 
from woody agricultural residues & trees 


BIO-CHEMICAL CONVERSION 


Biodiesel 


* the process is fairly simple & it is a popular route to produce 
biodiesel from biomass 


* glycerol is produced as a by-product in this process 
* Jatropha is used as a source for biodiesel production in India; 
some foodcrops like Soybean are also used 


Source: Energy Alternatives India 
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Three Generations of Biofuels 


FIRST 
3ENERATION 
BIOFUEL 


Feedstock Technology Example 


* Cold/hot pressing, extraction & transesterification Bioethanol, Vegetable oil 
* Cold/hot pressing, extraction & purification : 
* Hydrolysis & fermentation 


Sugar, Starch, Vegetable 


oils, Animal fat Biodiesel, Biogas 


SECOND 
GENERATION 
BIOFUEL 


Technology 


Non-food crops, Wheat 
Straw, Corn, Wood, Solid 
waste, Energy crops like 
Jatropha 


e Hydrolysis & fermentation Cellulosic bioethanol, 
e Pyrolysis, gasification & methanation Bio-SNG, Synthetic 
e Pyrolysis, gasification, Water gas shift reaction biofuels & Biohydrogen 


THIRD 


GENERATION 
BIOFUEL 


Vegetable oil, Biodiesel, 
Jet fuels, Gasoline, 
Methane 


Feedstock 


Algae 


e Transesterification 
e Fermentation 


e no feedstock can match algae in terms of quantity or diversity 
e genetically modified algae can produce oil that can easily be refined into diesel or even certain components of 
gasoline; genetic modification of algae is possible to produce all - ethanol, butanol & even diesel fuel directly 


National Biofuel Policy 


pap 
c fuels as 
bioethanol & 
biodiesel 


the government 


fuels of 1st 
Generation 


has unveiled 


India's National ji 
Biofuel Policy 2018 Biomethane 


- ethanol, solid 
waste to drop-in 


policy aims at promotion of biofuel production 


it has widened feedstock range for ethanol production 


biofuels have been 


categorized into 
incentives include fiscal 


four categories - & financial incentives 


1G, 2G, 3G & bio-CNG 


Drop-in-fuel 


* there are no standard specifications 
related to this 

* but a broad consensus is that 'drop- 

in-fuel' is a fuel that is readily 

available for use for transportation 

purpose like petrol, diesel etc. 


ND Bio-CNG SA 


* bio-CNG is compressed form of 
biogas with over 9596 pure methane 

* can be sourced from food or animal 
waste & is a cleaner & cheaper fuel 

* is similar to natural gas in its energy 


this is for providing incentives under each category 


_ Biota 


sugar containing material like 
sugar beet, sweet sorghum 
starch containing material like 
corn, cassava 
damaged foodgrain like wheat, 
broken rice, damaged potatoes 


this decision will extend the scope of biofuel production 


ree 


the policy has 


extended the list 
of bio-raw materials 


ZUM | 
aara a 


that can be used 
for ethanol production 


National Bio-fuel 


potential & composition the policy Coordination Committee 
allows the use of & Bio-fuel Steering 
Committee were set up 
~ Bio-CNG Infrastructure surplus foodgrains under the National Policy 
on Bio-fuels in 2009 


for ethanol production 


* government of India has geared up to 
set up bio-CNG plants & infra 

* IOC, BPCL, HPCL & GAIL will be 
involved in this 

* the cost of production of 1 kg of bio- 

CNG is around Rs.15-20 


National Biofuel Coordination Committee will approve it 


it will protect the farmers from fall in prices during bumper crop 


Rs.5000 crore in 6 years provided. 
for viability gap funding - 
higher purchase price will be 
offered for 2G ethanol generation 
than 1G 


VGF scheme 


is approved for 


The Policy encourages setting up of 
supply chain mechanisms for biodiesel 


2G bio-ethanol refineries 


production from non-edible oilseeds, used "i 
cooking oil, short gestation crops this is to promote the generation of advanced biofuels 


tax incentives & higher price for 2G ethanol is provided for 


Te G 
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National Biofuel Policy 


China 


P as. 6%) 


USA 


Others 


(44.5%0 
S.Korea (6.8%) India (6.9%) 


o values of total imports in dollar terms 


Carbon dioxide SAVES ments 
(COS) (H20) 


Naturally 


occurring 
GHGs 


Nitrous Oxide 
(N20) 


Green House Gases covered 
by Kyoto Protocol 


Sulfur Chloro 
hexafluoride fluorocarbons 
(SF6) (CFCs) 


Synthetic 
GHGs 


Green House Gases covered 
by Kyoto Protocol 


Others (31.594) 
China (29.476) 
Japan 
0, 
G a a. US (14.3%) 


nue 
rusia 7 


"EEA (9.8%) 
India (6.8%) 3j 


EG 


the new 
biofuel policy 


is expected to bring 


benefits for the 
nation in various forms 


the main benefits from the policy are enlisted below 


this figure is 
at current 
prices 


biofuel benefit 


the environment 


in different ways 


20000 tonnes of CO»? is saved by 1 crore litres of ethanol 


it saves burning of crop residue which will reduce GHG emissions 


it will require 


India targets to halve its energy 
import bill by 2030; the govt. 


setting up of 
2G bio refineries aims to raise the contribution of 


gas in India's energy mix to 15% 


across the country 


it will increase infrastructure investment in rural areas 


conversion of crop waste into biofuel will add to farmers' income 


it will promote supply chain, village level entrepreneurs & employment 


m dd 2 gcc Million Metric 
about 62 MMT Tonnes 


municipal solid waste 


are generated 


annually in India 


technology is there to convert it into drop-in-fuel 


Global CO » Emissions as of 2015 


one tonne of such waste can provide ~ 20% of drop-i 


Natural Gas 


Components 
of Natural Gas 


Heavier Hydrocarbon 


Non-hydrocarbon components 
include CO}, Nitrogen & Water etc. 


Iso-butane (0.03%) n-butane (0.03%) 


Nitrogen (1%) 


Propane (0.,3%) < 


CO2 (0.5%) 
Ethane (4.2%) 


Others (0.04%) 


Non-hydrocarbons 
(1.54%) 


Ethyl mercaptan 


is an odorent which is added to 
natural gas to detect its leakage 
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natural gas is 


a naturally 
occurring mixture of 


hydrocarbons 
the primary constituent in natural gas is methane 


other constituents include CO», nitrogen, helium etc. 


it is a gas natural gas 
à is colorless & 
formed from fossils odorless 


of plants & animals 
it consists of methane-dominated hydrocarbons 
with specific gravity of about 0.6-0.8, it is lighter than air 


self-ignition temperature of natural gas is 537-540 degrees Celsius 


Hydraulic 
Me fracturing is 
it is drawn from wells called fracking 
or extracted alongwith also 


crude oil production 


it is also mined from layers of rocks through hydraulic fracturing 


extracted components are processed further to obtain concentrated gas 


natural gas treated Hydrocarbons 


are organic compounds 


to meet specifications 


that are made of hydrogen 
& carbon atoms 


of gas purchasers 
it is transported via pipelines to various consumers 


raw natural gas is processed into sale gas to make it suppliable 


LNG is natural gas 


liquefied by lowering 
temperature to -160°C 
it makes easier to transport natural gas in this form 


liquefied natural gas is stored at atmospheric pressure 
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Natural Gas 


y Components 
of LPG i 
CNG is 
made from 
ICE 
compressing natural gas Internal 
to less than 196 of its Viu Peer 
Engine 


standard atmospheric volume 
CNG is used in ICE-based vehicles in place of diesel or gasoline 
it was adopted as a primary fuel source in Italy after the World War-II 


CNG is fueled in vehicles in compressed form at a pressure of up to 3600 psi 


l 3 other than psi 
~.. Heavier Hydrocarbons S A source Gravel pounds per 
square inch 


* are in liquid form at atmospheric 
pressure 

* during the production of natural gas, 
they are separated from hydrocarbon 
gas 

* LPG is an example of this 


`.. Natural Gasoline i 


* is again in liquid form 

* liquid hydrocarbons or natural 
gasoline are separated & mixed with 
finished oil in oil refineries 

* it is used as solvent in various types 

of industries 


natural gas has 
other applications also 


various products are produced from it by gas separation 


Natural Gas Reserves in India _ 
methane is a - —— - 


chemical compound 


with atoms of 
carbon & hydrogen 


CNG is compressed methane gas at high pressure 


ethane is a 


colorless 
& odorless gas 


* carbon dioxide is separated from the 
natural gas & is condensed to a solid 
form which is called dry ice 

* used for food preservation, artificial 

rain enhancement & production of 

artificial fog in movies & concerts 


which is easily ignited 
the vapours of ethane are heavier than air 


it can create asphyxiation by displacing the air 


they are mixed LPG 
& di liquefied 
Siberia, in Russia, is world's compressed Im petroleum 
richest region in terms different proportions gas 


of reserves of r : ; 
natural gas LPG - the cooking gas is a mixture of these two 
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Some Statistics about production of Natural Gas 


Proven Reserves of Natural Gas in various countries as of 2012 


Algeria 
159121] 
j 


| 
Nigeria | 
182. \ 


Venezuela 
195 


Top producers of Natural Gas in each continent in 201 ; 


Figures in TCF (trillion cubic feet) 


Russia has the largest amount- 
of proven reserves of natural ~ 


gas in the world 


Russia is the largest producer 
of Natural Gas among BRICS 


nations in 2017 


Iran is the largest producer of 
Natural Gas among Gulf 
nations in 2017 


Global production 


Production of Natural Gas in BRICS countries 


Production of Natural Gas in Gulf countries 
of various energy pu XSPUS NOU. 
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Production figures of 2017 


Figures in BCM (billion cubic metres) 


Figures in BCM (billion cubic metres) 
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Heat Recovery ares 
cogeneration IS 


Unit 


mum] 
Steam & : x 
Hot Water 4 the production 


of heat & electricity 


SOE 


Hot Exhaust 
Gases 


simultaneously 


heat produced may be high temperature liquid or steam 
this is more efficient than producing heat & electricity separately 


cogeneration system which is known as CHP system has various benefits 


this system is CHP 
Combined heat 
a high efficiency & power 


energy system 
41 units By Sy 


it is more energy efficient than conventional ones 


in this, heat produced in electricity generation is utilized 


Boiler 
83% efficiency 


Generator 
Eff. 93% 


Fuel 
E 
= this systems 
E 
e produces 
2 . . . 
K minimal impact 
58 45 units 8 1 
units ofHeat | > on the environment 


fuel oil is replaced by natural gas to produce steam 


117 + 58 = 175 units of heat produced 35 35 units 
units of electricity & 45 units of heat this system 


Fuel 77% Efficiency 


produces electricity 


at lower cost 


it lowers cost of production in industry 


low cost of production improves competitiveness 


Heat Loss f Y 


20% 


waste heat 


can be used for 


= 
[^4] 
E 
n 
Pal 
n 
Z 
z 
3 
2 
m 
16) 
[e] 
Q 


other purposes 


“100 units of fuel produced 35% electricity may be steam production or drying process etc. 


& 45% heat in Cogeneration System this way, cogeneration is more beneficial for industries 


—————————w — — — — 
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Syngas 
Fischer- 
Tropsch Process 


Natural Gas, 
Coal, Biomass 


syngas is 


known as 


CO + 2H2 


Satin (ore NS F-T O 


Step-1 Step-2 


synthesis gas also 


it is mainly a combination of hydrogen & carbon monoxide 


though carbon dioxide & other trace gases are also contained in it 


wi Syngas is used to directly power 

E z Eus : hydrogen fuel cells; hydrogen 

an intermediate is captured ROLE RA. 
in processing refined for use in 


fuel cells — 
synthetic petroleum 


Fischer-Tropsch Process 


* was developed in 1920s by Fischer 
& Tropsch 
* it is a series of chemical reactions 
that converts hydrocarbons & carbon 
monoxide into liquid hydrocarbons 
* cobalt is used as a catalyst in this 


can be a potential intermediate to convert biomass into fuel 


can't be burnt directly, but used to produce ethanol or hydrogen 


can be processed into synthetic fuels using Fischer-Tropsch process 


d Syngas production: Examples 
* gasification of coal emissions 


e waste emissions to energy 
by gasification of gasification 
* Steam reforming of coke 


syngas is produced 


carbon containing fuel 
e Gas Authority of India Limited is a 


government-owned company 
e processes & distributes natural gas in the gaseous product called 'syngas' has some heating value 

India (the largest co. in this sector) 
* set up in 1984 under the Ministry of 

Petroleum & Natural Gas 


IGCC Technology : 


carbon containing fuel is gasified to gaseous product 


it is a result of gasification which occurs at »700 C temperature 


India has 
Steel milling & petroleum — 


Coal is not tremendous scope fining ind idus RA 
(NS burnt in this renning industry Eod 
* integrated gasification combined m of production amounts of waste gas which is 
cycle technology of syngas from coal used to produce syngas - 


* in this coal is gasified to make syngas I 
* gas runs turbine to generate power 
* heat, thus, generated is turned into 
Steam to generate additional power 


there are abundant reserves of coal in India 


the most of our coal reserves are non-recoverable 


hence is the importance of underground coal gasification 


Minimum & Maximum % 
of various gases in syngas 


Syngas fermentation can 


depending on feedstock GAIL is setting up this plant produce ethanol, butanol, 
à] acetic acid, butyric acid & 
this will be India's first such plant in Odisha methane 
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Shale Gas 


SHALE ROCK 


shale gas 


is a natural gas US, Russia, Argentina, Libya & 


China have known sources 
of shale gas 


that is trapped 


in shale formations 


shale gas is a non-conventional source of energ 


Shale is called 'laminated' 
because it is made up of several 
thin layers & it is called 'fissile' 

because it readily splits into thin 
pieces along the lamination; this 
is how shale is different from 
mudstone 


shale is 
an organic-rich 


fine-grained 


sedimentary rock 


it is made of very minute mineral particles 


* is a fine-grained sedimentary rock 

* it consists of mixture of silt & clay- 
size particles 

* it is called claystone & siltstone also 

* mudstone, when compressed, forms 

shale 


* is a waxy material 


it is an outcome of compaction of parent material 


organic matter 
buried inside the Earth 


is transformed into 


oil & natural gas 


two processes 'diagenesis' & 'catagenesis' are involved in this 


* proteins & carbohydrates in organic 
sediments break down through 
chemical reaction, compaction & 
microbial action 

* thus is formed the 'kerogen' 


* bitumen is a black tar like substance 
* this is formed when 'kerogen' is 
formed from compaction & chemical 


. ORGANIC MATTER © 


l 4$ Diagenesis 
IS a process 


of compaction ,BITUMEN -+ KEROGEN. 


under mild Catagenesis 45 


conditions of poe — 
= PETROLEUM & 


temperature & pressure NATHRAMGAS 


organic sediments break down to form 'kerogen' & 'bitumen' 


this happens due to chemical reaction, compaction & microbial action 


reactions in organic matter 
* bitumen comprises the heaviest 
components of petroleum Kerogens do crack under 


is the thermal t 
higher temperature & 


Kerogen remains as it is without transformation degradation of kerogen 


pressure conditions to 
form hydrocarbons 


Petroleum formed Natural gas formed 


to form hydrocarbon chains 


this leads to the 'cracking' of kerogen into lighter hydrocarbons 


Cold Hot Very Hot 


Conditions Pek i eae thus, is formed natural gas (if temperature goes too high) & petroleum 
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OIL & NATURAL GAS FORMATION PROCESS 


_ LIGNIN CARBOHYDRATES PROTEINS LIPIDS 


MICROBIAL DEGRADATION 


Unaltered 
Molecules 


LIVING ORGANISMS POLYMERIZATION 
CONDENSATION Minor alteration retaining 
carbon skeleton 
2 
un 
z 
jaa] 
Qo 
z 
a GEOCHEMICAL FOSSILS 
(UNALTERED ORGANICS) 
FULVIC ACIDS 
HUMIC ACIDS 
: Release of trapped 
molecules 
SSCS REE e eee eee eee eee eee eee KEROGEN 
PRINCIPAL ZONE OF Thermal Degradation 
OIL FORMATION 
2 
ia 
z Small to medium 
c hydrocarbons CRUDE OIL 
z E N 
E 
« 
Q Cracking Heavy 
Hydrocarbons 
(Bitumen) 
ZONE OF GAS — 
FORMATION id 


bo 
S 


MIGNE ER] Descr irm eee pee std NATURAL GAS 


Special credit to 
CARBON RESIDUE "Fuel Research & Development 
for the 21st Century" 
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Shale Gas 


shale gas is 
less permeable 


flow of gas 
through shale rock 


is very much restricted 


natural gas remains trapped in the layers of shale rocks 


with previous technology, it was not-viable to untrap & extract it 


= Fracking Zone E Fracking process 


hydraulic fracturing 


3 


is process used to 


extract shale gas a 


F for commercial production 
— > Chemicals 


(0.5%) 


process of hydraulic fracturing is known as fracking also 
Sand (9.5%) with this process, gas reserves locked in shale rocks are unlocked 


the entire process of hydraulic fracturing is explained in the following lines 


it is done to drill 


d 
e Sand is added to fracking fluid because eepinelesidawi 


grains of sand keep the fractures open 
* Chemicals are added to reduce friction 
& to prevent pipe corrosion 


in the shale rock 


this drilling is necessary to reach upto to trapped gas 


Shale reserves 
are horizontally 
distributed, not 
vertically 


vertical drilling 


is followed by 
horizontal drilling 


this is done to access more gas form shale rocks 


the gas is 
piped out from 


Argentina fracking fluids 


22.7 


contain mixture of the collection 
wells 


figures in tcm 


Largest estimated reserves of shale gas 


Source: US Energy Information Administration 


sand, water & chemicals 


this pumped into drilled holes to open up fractures in rocks 


trapped gas comes out through fractures into the collection wells 


WX CL CE I A E iE 


Shale Gas 


Ear Methane 


Methane content in shale gas 


Minimum 'flowback water’ 


Flowback of water in fracking 


Maximum 'flowback water' 


Flowback of water in fracking 


Flowback water 
is the return flow of fluid 


injected into the well for 
fracking purpose; this flowback 
water is usually contaminated 
by methane & poses various 
issues 
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it could have 

effect on local 
supplies of 

water 


water requirement 


is too high 


in fracking process 


water is required to prepare fracking fluid 


in fracking, water got contaminated by methane 


treatment & disposal of waste water is another challenge 


Sa nee 
NS SS E ond 


a 


though shale gas 


emits lower level 
of greenhouse gases 


than coal & petroleum 
but, its use could undermine climate change commitments 
because, shale gas also emits greenhouse gases though much less 


option of shale gas may jeopardise global efforts to switch on renewables 


use of large 
amounts of water 


it is caused 
by leakage 


for fracking purpose 


may cause small earthquakes of gases 


in USA low magnitude earthquakes occurred near fracking sites 


moreover, more problem of air pollution is noticed near fracking sites 


—9 —— —— ——— 
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Shale Gas in India 


in demand & 
supply of energ 


in / EY 
oen 15 > = Ls f 44 there is a big gap 
E ye AUC pt 
4 / 


therefore, India has always to import oil & gas 


M 
n 


—» K-G Basin considering this, we are always exploring new options 


—» Cauvery Basin + 


s " 
` global demand 
Potential recoverable Shale Gas for natural 
reserves in India gas may rise b India's contribution to 
global energy demand 
50% between 2010 & 2035 growth 


IEA 


this estimate was given by International Energy Agency 


in future, natural gas will be the 2nd largest energy source after oil 


India is always 


a net importer 
of primary energy India's share in global 
energy use by 2040 


IEA 


~ 47% of primary energy demand is met from imports 


India generates about 7596 of its electricity from fossil fuels 


— 30% of India's 


consumption of natural gas 
is met from exports 


access of LPG to all households is still not achieved 


seeing this, shale gas seems to be an attractive option for India 


Central& “oaa. ^ finn N 
South America] EM ; sf H 
T India dm 


Africa S-E Asia 


this occurs in 


[1] Decrease 


£^. Increase i 
; India has about Cambay, K-G & 
a A demand 2016-40 233.3 tcf reserves Cauvery basin 


Figures are in million tonnes of oil equivalent (Mtoe) only 


of shale gas 
Source: World Energy Outlook 2017 ( IEA) 


of this, 45.8 are estimated in Gondwana basin 


technically recoverable shale gas, in India, is only 6.1 tcf 


————————. — —————— 
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Shale Oil 


like shale gas 


shale oil 


A ERO is a crude oil 
d 
in 2010 in 2040 which is organic-rich 


it is trapped in layers of sedimentary rocks 


by 2040, shale gas is expected to account 
for 30% of global production 


Shale oil 
is called kerogen 
oil also 


oil from shale rock 
can be produced 


using two methods 


the two are known as ex-situ or in-situ methods 


by 2035, global shale oil production could shale rocks are 


amount to ~12% of world's total oil 


supply mined out & 


broken into pieces Shale oil is one of the first 
An estimate 


sources of mineral oil used by 
humans 


to transport 
to processing 


in processing plants, these are heated at ~500°C 


when heated up, oil comes out as steam from the rocks 


in this process 


rocks are not 


Natural gas use is expected to rise by 45% mined & transported 


by the year 2040 


but oil is extracted 
from where shale rocks exist 


Source: World Energy Outlook 2017, IEA 


in this, rock is fractured/broken by the method of explosion 
Pyrolysis 
* pyrolysis is a thermochemical 
treatment of a material in the 
absence of oxygen 
e it can be applied to any organic 


then, air & gas enters into & the rock is heated by electrical heating 


product 
* in pyrolysis, material is exposed to 
high temperature 
è it leads to chemical & physical 
separation of molecules in a material 


shale oil is sent to refineries for refining 


in refineries, it is process via the method of distillation 


shale oil, thus refined has properties similar to the gasoline 


Esencia : Science & Technology 


Should we say 'YES' 
to Shale Gas in India? 


there are 


various points 


: TAPI & IPI join at 
which go in its favour 


some of the points are discussed below here 


India imports 50% of its 
domestic LPG needs 


NITI Aayog 


TAPI pipeline A 


clean cooking fuel 
to all households in India 


* Turkmenistan-Afghanistan-Pakistan- 
India gas pipeline 

* is to supply natural gas to India from 
Caspian Sea, Turkmenistan 

* the construction has started in 2015 

* the project is funded by the ADB 


India's high dependence 


on imported fuels pud 
IPI pipeline ‘ 
is not in India's favour Development 
* [ran-Pakistan-India pipeline project Bank 


international rise in fuel prices hits India's economy 


* it is to supply natural gas from Iran 


to Indis via Pakistan import of fuels, exert a very heavy forex burden on India 
* more of its part as compared to continuous availability of oil & gas is another issue of concern 
TAPI run via Pakistan 


EK dba dite d canctions on Iran there is still question over the security of TAPI & IPI gas pipelines 


UJJWALA 
a scheme to provide free 


LPG connections to women 
from BPL households; 
launched in 2016 


All India cooking gas environment pollution 


coverage reached at about 
8096 as of 2018 


is one of the biggest 


concerns in India 


India's economy is expanding & its energy need will grow 


Md | | l| LU 
3% i || Ne 
2d 00 | 1 [| BELL 
62% a ERE ran 
57^ Bas NE 


Cooking gas coverage in India 


if we do not think of cleaner alternatives, then it will be a problem 


there are many urban hotspots in India & global warming is another issue 


besides rising demand for energy, we are committed to reduce CQ emissions 


therefore, India needs to look for more secure & clean alternative energy sources 
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Should we say 'No' 
to Shale Gas in India? 


Shale Gas vs. Conventional Gas 


[Stale Ges Cosmos 


fracking of shale 
wells is compulsory 


fracking is not 
necessary everywhere 


requires more water 
& chemicals 


requires less water & 
chemicals 


chances are less 
it is less costlier 


Areas affected by water stress & 
groundwater depletion within shale regions 


So, India needs to choose between 
FOOD & FRACKING 


SUGGESTION FOR INDIA 
seeing its various environment impacts 


& potential stress it may create on water 
resources on one hand and India's 

growing energy needs on the other hand, 

India needs to make a conscious & well 


thought decision seeing its long & 
medium term implication; 
it is better that India should invest more 
on development of renewable energy, but 
shale gas can be an option in transition 
from conventional to renewable energy 


there are various 


such points which 


go against 
shale gas in India 


some of those points are discussed below here 


cost of drilling 
in India is more 


it is costlier than double than 


to extract shale gas that in USA 


then conventional one 


a special technology is required for its production 


heterogeneous nature 


of shale gas reserves 


is another issue 


so, response of rock to fracking cannot be predicted 


from in-situ contrast to rock brittleness are numerous factors 


it is very important for technical experts to know such complexities 


Indian corporates are 


in dilemma 
on the issue of 


investment in this 
they hesitate to invest in exploration of shale gas 


this may be due to lack of any clear policy of government 


this will compete 

with agriculture 
& drinking water 
sectors in India 


fracking & drilling 


require large 


amounts of water 


one, water is less in India & two, it contaminates water 


Share of oil & gas in India's 
Primary Energy Consumption 
Open Acreage Policy 


* a bidder may give EOI to the govt 
seeking exploration in any area not 


already covered by exploration 
* on this basis, the govt may called for 
competitive bids after obtaining 
necessary approvals for the block 


. Revenue Sharing Model 


* under this model, bidder while 
bidding, will quote revenue share 

* this percentage of revenue will be a 
key for selecting a bid 

* separate shares are quoted at 'low' & 

‘high’ revenue points respectively 


Cabinet Decision in September 2018 
explorers who deploy new technology 


leading to enhanced & improved 
recovery of oil & gas will be 
given incentives as under: 


in case of oilfields, there 
will be a rebate of 
50% on cess 


in case of gasfields, there 
will be a rebate of 7576 
on royalty payments 
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the Union Government a 


HELP 
Hydrocarbon 
Exploration & 
Licensing 
Policy 


uL 


the policy 
aims at reducing 


import dependency on 


oil & gas 
by 10% by 2022 


To reduce import 
dependency in oil & gas 
by 10% by 2022 


to promote ease of doing business in oil & gas sector 


to augment the production of petroleum with in the country 


ETD 
EU 


India 
is 3rd largest 
consumer of oil 
after USA & 
China 


the most unique 


feature of the policy is 


open acreage 
licensing programme 


revenue sharing model to increase operational autonomy 


single license for exploration/production of all forms of hydrocarbons 


provision of 


HELP 


concessional covers all 


royalty rates for 


hydrocarbons - 
oil, gas, coal bed 


deep water & 


t i 
ultra deep water digging methane etc 


no royalty in such areas for the first seven years 


after that, 5% in deep waters & 2% in ultra deep waters 


it will create new employment in petroleum sector 
exploration activities in hydrocarbon sector will get a boost 


this will bring a more transparent & corruption-free regime in India 


Biodiesel 


B-factor 
in Biodiesel 


it is used to denote the 
blending of biodiesel 
with petro diesel 


B100 represents pure 
(100%) biodiesel 


B20 means 20% 
biodiesel & 80% 


B5 represents a blend of 
5% biodiesel with 95% 
of petro diesel 


ECTS 
ET 
B100 B20 B5 


Biodiesel Petrodiesel 


ey 
ub 
Argentina LEN & 
| 


Biodiesel production in billion litres in 2017 
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biodiesel is 
a clean fuel alternative 
of conventional diesel 
it is an unconventional & renewable source of energy 


such unconventional fuels may change geo-politics in future 


biodiesel is 


produced by 
a process known as 


transesterification 


vegetable oil & animal fats are source materials for this 


transesterification is a chemical process producing biodiesel 


oil & fats 


of natural origin 


are converted through 
the chemical reactions 


conversion occurs in the form of fatty acid methyl esters 


then, fatty acid methyl esters are refined to remove impurities 


biodiesel is 


: Biodiesel 
elena. can be used in diesel 
more sustainable vehicles without any 


engine modification 


it is renewable, bio-degradable & non-toxic 


biodiesel is free from sulfur & other aromatic material 
QT e, A ee 
S ; 6 4 $ 


it cannot be 


Stored for a 


longer duration 
it oxidises & peroxides compounds are formed 


peroxides have negative effect on fuel filters & injectors 


v". 
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Biodiesel in India 


Sources of Biofuel in different regions 
Country/Region Source of biofuel 


Sunflower 
[o | om 

Jatropha ` 
is drought 


resistant 
Jatropha 


* seeds of Jatropha yields biodiesel 

* it can grow well on degraded lands, 

* Jatropha curcas is one species with 
high potential for biodiesel 

* its seeds contain up to 40% of oil 

* itis called Ratanjot in India 


.. Jatropha (other uses) m 


* almost all parts of Jatropha plant are 
useful 

* seed of the plant is used for biodiesel 

* its leaves, roots & latex are used for 
traditional medicines 

* it has anti-cancer properties also 


~. SDAUJI (Chatrapati) 


* is a jatropha variety developed by 
ICAR 

* the variety has higher oil content & 
so, it is good for commercial 
cultivation 

* its seed contains 49.2% oil 


biodiesel & ethanol 


are two alternatives 


to fossil fuel-based oil 


India cannot afford to waste any source of energy 


this is in the context of India's growing energy needs 


biodiesel can 
be produced from 


Maximum oil content in 
Jatropha plant seed 


it is produced from field crops like sunflower, soybean etc. 


oil bearing seeds 


of certain plants 


in some countries, it is even produced from palm oil & jatropha 


government of India 


launched in 2009 


the National Biodiesel Mission 


it set a target of 20% blending of diesel with biodiesel by 2017 


the mission emphasized on Jatropha cultivation for biodiesel production 


49.2% oil 
in India Ber, content in seeds 


of SDAUJI 
variety of 
Jatropha 


biodiesel production 


is in its infancy 


biodiesel production in India, in 2017, was 0.2 billion litres 


biodiesel production is still lowest in India among many Asian nations 


availability of 


Jatropha seeds is 


a major problem in India 


* Jatropha is a tropic/sub-tropical crop shortage of waste land for Jatropha farming is an issue 


e it is native of South America & Africa ] l i 
poor jatropha seed yield & high plantation cost is another issue 


è rainfall range required is 200-1200 mm i 
* it can tolerate annual temperature range of 18-28.5 € long gestation period of such crop & lack of State support to farmers 
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Bioether 


DEE was reported as ethers are 
an option for diesel engine 
fuels by mixing it with 


diesel fuel 


a class of 


02 
carbon compounds 


Oxygen 


that contain ether group 
alcohol-based fuel 

Alcolene was made from 
sugarcane molasses 


structure of ether is similar to that of the alcohol 

in ether, one O2 atom is bonded to two alkyl/aryl groups 
DEE was blended 
to ethanol in Japan 


combined water-ether 
steam engine was built for 
marine application 


bioether is one 


that is made from 


IE O organic materials 


bioether is produced from wheat or sugarbeat 


bioether can also be produced from the waste glycerol 


waste glycerol is produced from the production of biodiesel 


a 2% 
35% 
63% 
| ELM g DEE Gas oil & Pyridine ether is used DEE 
as a fuel additive Diethyl Ether 


Composition of Alcolene in place of lead 


ether as a fuel additive, improves engine performance 


it also reduces toxic emissions from vehicles, particularly ozone 


EC rrr d 

"s -——— 
ether = 
VERE 
bioether can be 


added to 
fossil fuels as 


Non-toxic 


a substitute of petro-ether Energy density of 
2 bioether is ~50% of 
because of low energy density, it cannot be a future fuel Standard diesel 


it can be an excellent additive to other biofuels to reduce emissions 
a 


Environmental concerns 
related to Bioether 


rovide an environment friendly fuel 


improves air quality b reducing vehicular emission 


reduce carbon dioxide emissions through the entire fuel cycle 
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Bioethanol 


ETHANOL 
MANUFACTURING 


Biomass waste 
contains 


renewable fuel 
zd ie ee & is known as 


ethanol is a 


: ethyl alcohol also 
Cellulose Hemi cellulose Lignin 


HYDROLYSIS | 


it is made from corn, sugarcane, grain or paper waste 


National Biofuel 


Sucrose sugar Policy 2018 
is burnt ethanol/ethyl alcohol offers conversion of 
as a fuel č municipal solid waste 
LA nox | in ethanol is a colourless into drop-in-fuel 
roduction i dable liquid 
Ethanol P biodegra q 


plant boilers 


it is low in toxicity & causes little harm to environment 


: when ethanol is burnt, it produces both carbon dioxide & water 
The Chemical Reactions A 


INVERTASE 
(Catalyst) 3 à 
— bioethanol is 
C12H22011 + H20 C6H1206 + C6H1206 
S e Wat Fructos: Glucose i 
P s e many produced Ey Energy content in ethanol 
"iti (aia ar ROE emia e T sugar fermentation process is 70% of petrol 
ZYMASE 
(Catalyst) it can also be produced by reaction of ethylene with steam 
C6H1206 ——> 2C2H5OH + 2CO2 x . n 
Fructose/Glucose Ethanol it is produced from biomass through hydrolysis & sugar fermentation 
CN h 
National Biofuel 
: : Policy 2018 
it, being a expands range of 
Diesel —» high octane fuel feedstock for ethanol 
<— Petrol à 5 
can substitute lead production to include 
5% sugarcane juice, sugar 
o as an octane containing crops, 
tus ee enhancer in petrol damaged grains, 


20% Ethanol 


India Govt's policy aims to have 20% 
blending of ethanol in petrol & 
5% in diesel by 2030 


rotten potatoes etc. 


ethanol is blended into petrol to reduce emissions 


blending reduces emissions of CO2, CO & hydrocarbons 
IY 


the present rate of blending is 2% in petrol 


& less than 0.1% in diesel govt has cleared 


to expand the , VGF 
range of feedstock Viability Gap 
use of ethanol in 1 crore litre in fuel blending Funding 


for ethanol producti 
saves CO2 emissions by 20000 tonnes P lon 


govt. proposes a VGF scheme for 2G biorefineries 


ethanol production of 150 cr litre for fuel 
blending can save forex of ~ Rs.4000 cr Rs.5000 crore will be deployed over 6 years for the purpose 
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Bioethanol in India 


— For Alcohol 
from 2013, 
blending petrol with 


at least 5% ethanol 
was made mandatory for 


oil companies in India 


it has not still been achieved due to lack of ethanol available 


there are multiple problems & challenges that limit its future in India 


Proportion of Ethanol consumption 
in India for various purposes 


sugarcane is 
the major raw material 


for ethanol production 


sugarcane is water-intensive crop & water is scarce in India 


to achieve 20% blending target, lot of more water will be requried 


National Biofuel Policy 2018 has widened the range of raw material for this 


Required to achieve 2096 
blending target 


price of ethanol 
% of are under sugarcane cultivation as T 
India's net sown area supplied to oil M 
il Marke 


oil marketing Companies 
companies is high 


This will raise a serious concern about 


India's food security 


this is due to various taxed imposed on ethanol by States 


so, OMCs find it difficult to procure ethanol at govt- i 
On World Biofuel Day (August 10) in x at govt-fixed prices 


2018, India's PM stated that India 
is going to triple its ethanol 


production by 2022, it will 
save Rs.12000 cr in 
India's import bill 


India's new National Biofuel Policy 2018 
has allowed 2nd generation biomass to 
use for Ethanol production; this includes 
- wheat straw, rice straw, crop stubble 
etc.; this will triple benefit in the sense 
that it is good for environment, scope of blending wall 
biomass is extended & it will provide 
additional income to farmers... 


to determine 


is another big issue 


it refers to maximum % of ethanol that can be Target of Ethanol blending 
blended with fuel without decreasing fuel efficienc to Petrol by 2022 


Nitrogen (1%) 


Water (6%) 


CO? 
(33%) 


Methane (60%) 


Average composition of Biogas sourced 
from household waste 


Nitrogen (1%) 


Water (5%) 


(26%) 


Household 
waste 


in 2014-15, biogas production 


was equivalent to 5% total LPG 
consumption in India 
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RNG is known 
as biomethane or 
renewable natural gas 


it is a biogas conditioned to pipeline-quality gas 


RNG is fully RNG 
Renewable 


interchangeable with Natural Gas 


conventional natural gas 
therefore, RNG/natural gas can be used in natural gas vehicles 


in the form of CNG or LNG, this gas can be used as a transportation fuel 


biogas is 


produced from 


various biomass sources 


important sources include landfills, wastewater & animal manure 


can be produced from crop residues, woody biomass & energy crops also 


biogas is produced 
through biochemical or 
thermochemical process 


decomposition of biomass under anaerobic conditions or 
gasification are two standards methods of production of biogas 


after some 
cleaning up process 


biogas is upgraded 
to renewable natural gas 
after minor clean up, it is used to produce electrici 
it processed to higher purity standards for vehicular use 
it involves removal of water, CO2, hydrogen sulfide & other 


this results in RNG with higher content of methane than raw gas 
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HCNG is a 
compressed natural gas 
blended with hydrogen 


HCNG comprises advantages of both hydrogen & methane 


HCNG is 


more efficient 


Flame speed of hydrogen is about 
8 times higher than that of 
the natural gas 


HCNG reduces 
Greenhouse 


& cleaner fuel Gas emissions 


it is regarded as a future secondary fuel 


it has higher thermal efficiency than pure natural gas 


hydrogen blended CNG emits less CO» per unit of energy 
combustion of HCNG is more stable than that of the natural gas 


recently, Delhi govt 
has decided to ply 


HCNG based 
buses on roads of Delhi 


3%-4% fuel 


Ideal Hydrogen-CNG mix ratio 


CO» emission calculator 


Weight per 

835g | 750g | 550g |1000 g 
Carbon | 86.2% | 87% | 82.5% | 61.4% 
content 720g | 652g | 454g | 614g 


economy 


it is said that it will reduce CO» emission by at least 2096 


it gives more fuel economy as compared with CNG run vehicles 


HCNG is a transition from carbon economy to hydrogen-based economy 


it can be used in CNG engines with little calibration, no modification required 


commercialization of 
O2 needed | 1990 g | 1740 g| 1211g | 1638 g ma 
for burning . : ydrogen 
HCNG will require may cause emission 
of hydroxides also 


new infrastructure 


CO; 
2640 g | 2392 g | 1665 g | 2252 g 


* CO; emission is arrived at by adding 
carbon content to oxygen required for 
burning 


determining the most optimized hydrogen-CNG ratio 


backfire due to pre-ignition may occur if hydrogen fraction increases 


higher price of hydrogen than natural gas, makes HCNG a costlier option 


*** here low-calorific CNG has been 


taken into account f a 
geen een as pollution level is rising, so HCNG can be an option 


but still we need to focus on much cleaner renewable fuel sources 
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Hydrogen Fuel 


Electric Current 


Anode 


Electrolyte Cathode 


Hydrogen Fuel Cell diagram 


Electricity 
generation efficiency 
of conventional power 
plant 


Electricity 
generation efficiency 
of hydrogen fuel cell 

based power plant 


Hydrogen fuel cell based plants are more 
efficient in electricity generation 


Ben 


Hydrogen Molecule 
(H5) 


Hydrogen 


H°’ 


Hydrogen 


H HsH 


Generator 


Av RS 


Voltage & 

Frequency 

Regulation 
System 


=> 


HYDROGEN-POWER ICE GENERATOR 


hydrogen is 
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hydrogen fuel 


is a clean fuel 


of new generation 


it may become subsitute to liquid & fossil fuels 


it can even become a fuel for internal combustion engines 


at a Standard 


hydrogen 
gas is highly 


pressure 


& temperature > 
combustible 


is non-toxic 


it has no odour, no taste & no colour 


hydrogen gas contains two atoms of hydrogen 


ee 


so, hydrogen is 


considered as a 


used as a fuel 
secondary fuel 


in its molecular form 
molecular hydrogen does not occur naturally on Earth 


hydrogen fuel is produced by the use of some other energy 


it converts 


hydrogen 
into electricity 


through chemical reaction 


hydrogen fuels cells are used in fuel cell vehicles 


a hydrogen 
fuel cell vehicle ICE 
Internal 
having an electric motor Combustion 
Engine 


is more efficient 
such a vehicle is 2-3 times more efficient than an ICE vehicle 
one kg of hydrogen provides energy equivalent to one gasoline gallon 


hydrogen fuel cells generate more energy than conventional power plants 
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Hydrogen Fuel 


According to a research, heat 
from nuclear power plants can 
the most be used to produce hydrogen; 
abundant element it would be a cleaner source 
of hydrogen 


hydrogen is 


Electrolysis 
(4%) 


Coal (18%) 


in the universe 


Natural Gas on Earth, it is found in the form of compounds 


(48%) 


Oil (30%) 


water is the most common compound of hydrogen 


Global hydrogen production from 
various sources 


* adsorption is a process 

* in adsorption, molecules of gases or 
solids are accumulated on the surface 
of a solid; gas mask is based on this 

* charcoal used in gas masks attract 


Preparation of Hydrogen 
(common methods) 
e electrolysis 
e reaction of metals with 
acids etc. 


it is prepared 


by separating it 


from compounds 


it is done by electrolysis or other chemical reactions 


z E AR 3 it is stored : 
impurities in air on its surface liquefied 
in either hydrogen is cooled 
o 
of the two forms at -252.8 C 


* is chemical/physical phenomenon 

* in this molecules, atoms or ions of a 
substance are taken up into some 
other substance 

* oxygen absorption takes place in the 

corrosion process 


in liquid or gaseous State 


in gaseous form, it is stored in high pressure tanks 


in liquid form, hydrogen is stored at cryogenic temperatures 


it is Stored on solid surfaces (adsorption) or within solid (absorption) 


Deuterium is one of the 3 
Stable isotopes of hydrogen; 


is commonly used the other two are - protium 


as rocket fuel & tritium 


liquid hydrogen is used as a fuel in ICE & fuel cell 


id deuterium that was used in the 1st hydrogen bomb 


Hydrogen can be stored in solid 


it can be State in the form of metal hydrides; 


some metals absorb hydrogen under 
blended with conditions of pressure & moderate 


CNG or diesel temperature 


in nuclear fusion also, hydrogen atoms come together 


Hydrogen 


it is also used for the production of heat, water & electricity 


— ss 


Hydrogen Fuel in India 


Hydrogen is 
flammable over wide 
range of mixture in air 
(4% - 75% mixture) 


15% 59% 


Hydrogen is explosive over a wide range at 
normal temperatures 


Hydrogen Fuel Cell Technology 


* is a cleaner technology of modern age 

* it is about 3 times more efficient than 
a traditional combustion engine 

* fuel cell generates electricity & water 
as long as hydrogen & oxygen are 
supplied to it 


* Green Initiative for Future Transport 

* is one of the two initiatives envisaged 
under the National Hydrogen Energy 
Road Map 

* aims at developing & demonstrating 

hydrogen powered IC engines 


* is one of the two missions under the 
National Hydrogen Energy Roadmap 

* aims at developing & demonstrating 
hydrogen powered IC engine/turbine 
& fuel cell based decentralized power 
generating systems 


Hydrogen is 14 times lighter than air & 
so, mixes in air easily 


Hydrogen flame is invisible during the 
daylight 


Se — ———— 
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Ministry of New 


& Renewable Energ 
MNRE 


is giving more thrust Ministry of New & 


Renewable Energy 


on cleaner fuels in India 
the promotion of hydrogen as a fuel is a part of this focus 
MNRE has supported R&D on various aspects of hydrogen fuel 


use of hydrogen fuel cells for power generation is a result of initiatives taken 
SITO 
] 


NHERM 


an initiative of 


the Ministry 


National Hydrogen 
Energy Road Map 


it is to develop National Hydrogen Energy Programme 
National Hydrogen Energy Road Map has made two projections 


one, to introduce 1 million hydrogen-fuelled vehicles on roads by 2020 


two, to develop 1000 MW hydrogen-based power capacity in India by 2020 


EY 


S e te 


NHERM envisages 


Hydrogen can be 
used directly in existing 
internal combustion engines & 
turbines 


an investment of 
about Rs.25000 crore 


for the period 2006-2020 


the road map is based on public-private partnership model 


it covers all aspects including safety, awareness & capacity building 


i t 

India has go TU 
its first hydrogen Indian Oil 

fuel cell powered bus Corp. 

in the year 2018 
Tata Motors & IOC have developed it jointly 
powered by HCNG are being introduced in Delhi 
GIP 

Green Initiative for 
hydrgoen produces no CO2, when burnt in air Power Generation 


but it produces NOx if burnt in air at high temperatures 


Hydrogen Vision-2020 


Green Initiative For Future Transport (GIFT) 


LAUS 020 
Cost of Hydrogen Price of hydrogen at delivery point is likely to be Rs.60-70 per kg by 2 
Storage capacity of hydrogen to be around 9 weight percent 


To provide adequate support infrastructure which includes dispensing 
Stations also 


Safety & Standards Proper safety regulations, legislations, codes & standards should be there 


One million (10,00,000) hydrogen vehicles to be on road by 2020: 
* 7,50,000 two/three wheelers 

* 1,50,000 cars/taxis etc. 

* 1,00,000 buses, vans etc. 


3 Infrastructure 


Hydrogen Vehicles 


o9 LLLI IL EI LL EL Ll ll eee, 
3-phases of GIFT ; 
Ist phase : focus on public transport vehicles like buses, vans, taxis, 
three-wheelers 


2nd phase : focus on passenger vehicles including cars 
3rd phase : focus on cost-competitive availability & storage of 
hydrogen gas 


7" re 
es es oe * 
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Green Initiative For Power Generation (GIP) 


Cost of Hydrogen Price of hydrogen at delivery point is likely to be Rs.60-70 per kg by 2020 
Bulk storage methods & pipeline network to be in place 


To provide adequate support infrastructure which includes dispensing 
Stations also 


Safety & Standards Proper safety regulations, legislations, codes & Standards should be there 


1000 MW power generating capacity to be set up by 2020: 
* 50 MW capacity small IC engine stand alone generators 
* 50 MW capacity stand alone fuel cell power packs 

* 900 MW aggregate capacity centralized plants 


3 Infrastructure 


Power Generating 
Capacity 


Cae) ee rd ee ee TR 
Progression of GIP 
1st phase : development of small generators of 50-100 kW capacity; 


field test of fuel cell power packs at various locations where 
sufficient hydrogen is conveniently available 

2nd phase : setting up of fuel cell power plants, as the fuel cell 
technology matures 

3rd phase : with development of coal-gasification technologies, 
Integrated Gasification Combine Cycle (IGCC) would be 


used for power generation using turbines with hydrogen as a 
fuel 


a eee eee eee ee ee TT"TT4 
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Geothermal Energy 


Turbine 


geothermal energy 
emanates from 


heat inside the Earth 


it is a clean, renewable & sustainable source of energy 


it is formed inside the Earth from decay of minerals & forests 


Production Well Injection Well 
(Hot water/Steam) (Cold water) 


traditionally, it was 


used for bathing 


& heating purposes 


India proposes to harness 
10000 MW (10 GW) of Geothermal 
energy by 2030 through international 
collaboration with countries like USA, 
Philippines, Mexico & New Zealand 


but, today it is used for generating electricity also 

it is a green source of energy, emits no greenhouse gases 

it is inexhaustible to humans & non-hazardous to environment 
at 


temperature 
> 150°C dry 


such power plants 


utilize dry steam 


Steam is water 


What is hot spot? vapour 


Hot spot is a region deep inside Earth's 

mantle; these are exceptionally hot areas A : . 

from where heat rises through the in this, two wells are drilled to the hot water reservoir 
process of convection 


to generate electricity 


the two wells are known as production well & injection well 


steam is extracted through production well, it turns up the turbine 


then, steam is condensed into water & injected into hot water reservoir 
What is hot spring? 
Geothermal energy inside the Earth 

heats up water in reservoirs underground; n 
sometime spring of such geothermally in this, water 

heated ground water emerge out from the 
surface of the Earth; this is called hot 

spring 


at extremely 
high temperature 


is flashed into steam 
the steam, then, turns turbine to generate electricity 


these are common geothermal power plants in modern world 


I 


There is possibility of producing slightly cooler water is used in this 
up to 8% of total world electricity 
with geothermal sources; it could 


serve 17% of world population it is then converted into high pressure vapour to turn turbine 


water heats up a binary fluid with low boiling point 


ee er UO "AC a ae eee te aes 
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Geothermal Regions in India 


Puga Valley 


Manikaran 


SONATA 


NA ` 


Jalgaon 


Unai 
Mumbai 


WEST 


COAST GODAVARI 


Arabian Sea Bay of Bengal 


Barren Island 


Wind Energy 


Generation of 
Electricity from wind 


Transformation 


by Transformer wind energy 


is one of the 
fastest growing 


renewable sources of energy 


it is the best natural source of energy available for free 


Transmission wind energy is a clean, green, sustainable & renewable source 


"ui 


Tu Wind energy is clean & cost effective 
ga Wind energy poses threat to birds & wildlife wind energy is 
considered as a 


form of solar energy 


is so because it is produced by uneven heating of surface 


4% o 10% uneven distribution of solar radiation causes pressure gradients 


2010 2017 2020 


due to this pressure gradient, the atmospheric air moves & called wind 


Share of wind power in total installed 


capacity worldwide wind is moving air 


which is having 


Biopower (10.2%) 


kinetic energy 


Small Hydro (11.7%) 


wind turbine converts kinetic energy into mechanical one 


Wind (44.2%) 
EN faster wind has more kinetic energy, so it gives more electricity 
Solar ; at W 
Thermal : : A 
fme) wind turbine 


0, 
Geothermal (1.2%) Solar PV (32.4% 


can be taken as 


Renewable power - global installed opposite to fan 


capacity in 2017 wind turbine uses wind to generate electricity 


Global instal ity of bl ; t. A : A 
3 let capacity E but, an electric fan uses electricity to produce wind Wind Turbine 


power was 1236 GW in 2017 - it was 18.2% 
of total installed capacity 


Biopower (8.3%) [2020 | 


Geothermal 


0, 
(1.1%) Small Hydro (8.9%) 
Wind (41.6% 


a wind turbine 


) has large blades, 
Renewable power - global 
installed capacity in 2020 shaft & generator 
It is expected to increase wind moves blades which move the shaft connected to gene 
Solar Th POSER to 22.5% total installed generator 


(0,5%) capacity by 2020 the generator, thus, generates the electricity which is transmitted further 


Science & Technology 
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Wind Energy 


WH 


share in global installed capacity 


China is world's largest wind 
energy producer by installed 
capacity by end of 2017 


Source: Global Wind Energy Council 


Em 
share in global installed capacity 


India is world's 4th largest 
wind energy producer in terms of 
installed capacity by end of 2017 


Brazil (2%) 


France (3%) 
UK (3%) 


i Italy (2%) 
C 
[—48 \ 
Spain (4%) i 


India (6%) V4 | 


Germany (10%) 


Canada (294) 


World's top 10 wind energy producers in 
terms of total installed capacity 
by end of 2017 


ME E ~ 


China (35%) 
—» USA (17%) 


a Structure 


comprising blades 


which are turned 
by the force of wind 


windmill harnesses wind power into usable energy 


it is not 
wind turbine, but 
generator that 
produces 
electricity 


wind turbine 


in actual, does 
not produce electricity 


it only converts wind 
power into rotational energy 


a wind turbine can be having either horizontal axis or vertical axis 


a windmill comprises all required tools to produce electricity from wind energy 


wind turbines 


Walney Wind Farm 
in Irish Sea is in the 
Northern Europe is 

world's largest off 
shore wind farm 


installed in large 
numbers at one place 


constitute wind farm 


a wind farm may be spread over hundreds of acres 


actually, wind farms are set up for commercial purpose 


a wind farm can be either on shore (Jaisalmer) or off shore 


wind is cleaner s 1 
installation 


Source of energy of a wind turbine does 


not require much 
expertise 


it does not 
create air pollution 


wind energy is cheaper & evenly distributed all over 


initial cost of installation of a wind farm is very high 


land required for a wind farm competes with many other uses 
birds/bats may hit the blades of turbines and thus, may get injured 
high noise of windmills cause damage to humans & wildlife in near areas 


= 


Wind Energy in India 


l Major 
l V wind power States 


4 India is world's 
of India 


^L NS 
AR 


4th largest producer 


of wind power in 
terms of installed capacity 


India aims at installing 60 GW wind energy capacity by 2022 


d pe 


this is 
about onshore 2 MNRE 
wind power Ministry of New 
& Renewable 


Energy 


National Institute of Wind Energy 
e is an autonomous R&D institute 


under MNRE 


e it was set up to serve as a technical 


focal point for deployment of wind MNRE in India 
energy in India VePsuch 
e it is based at Chennai announced its = 


tender may 
offshore wind be opened 


policy in the year 2015 in 2019 


30 GW 


NIWE was designated as nodal agency for its implementation 
the policy outlined international competitive bidding mechanism for this 


India's entire Exclusive Economic Zone is available for off-shore wind energy 


NIWE 
National 


Institute of Wind 
Energy 


2022 2030 


India's medium & long-term off-shore 
wind energy target announced by MNRE 


As of 30 June ; 
2018, the total power sector is Power 
installed wind a concurrent subject sector is a 
power capacity, in r concurrent subject 
India, was 34293 in our country in India 


GW making India 
world's 4th largest 
country in this land acquisition is a challenge for onshore installations 
respect 


Tamil Nadu 
produces about 29% 
of wind power in 
India 


both centre & State govts exercise control over it 


high interest rates & lack of affordable debt is another issue 


the most of the power DISCOMS in India are financially unwell 
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Nuclear Reactor 


Nuclear 


it is a device Nuclear fission 
technology is in 
vogue, 
but nuclear 
fusion 
technology is in 
its nascent stage 


: ; et 
nuclear reactors generate energy either through fission or fusion y 


which is used 


to produce nuclear energy 


nuclear chain reaction is maintained & controlled in it 


Control 


Rods Generator 


Steam 
Generator Steam 


Cooling uranium is 
Tower 


most commonly 


used fuel in 


transformer corrects the 
voltage of electricity 


enerated 
nuclear reactors 8 


Condenser 


Enrichment of uranium 
* enrichment is the process by which the 


percentage of fissile uranium in uranium are mainly used 
obtained from mines is enhanced 
* this is done by some artificial processes 
* the uranium, as it is mined, may have otherwise, they are also used for enrichment of uranium 
uranium in different compositions like : : : : ; 
U-238 (~99%), U-235 (~0.7%) & U-234 uranium enriched beyond a certain level is used for making weapons 
(~0.2%) 
* out of these, only U-235 is used in 
nuclear reactors as it is fissile, but its 
concentration in mined uranium is very 
low, which needs to be increased 


nuclear reactors 


to generate electricity 


it is used for propulsion in vehicles and research & training in universities 


tas 


nuclear fuel 


Mined uranium is in the form of stable is a substance 


oxide (U3 Og) or peroxide that is used 


in nuclear reactors 


uranium & plutonium 
are radioactive 
metals 


4 


the common nuclear fuels include uranium-235 & plutonium-239 


they are elements that can be readily altered 


Plutonium-239 
* it is not naturally occurring 


* Uranium-238, when absorbs a neutron, 
becomes Uranium-239 


their alteration/splitting of atoms release thermal energy 


* U-239 eventually decays into 
Plutonium-239 
* Plutonium-239 is a fissile material of 
great importance for nuclear power & 
nuclear weapons 


they are not easily available & their enrichment is expensive 


U-235 & Pu-239 become unstable when bombarded by slow neutrons 


Se M cS 


Nuclear 


Nuclear Re: a 
Chain Reaction ear Reactor 


there are 


various components 


in a nuclear reactor 


NX uranium is 


© ce m. the basic fuel 
l BY 
e © in a nuclear reactor 


© fuel rods of pellets of uranium oxide are made 


the fuel rods are then arranged into the reactor core 


Fission occurs 


Nuclear chain reaction 
e it is very crucial in the functioning of 
nuclear reactors 
e as shown in above figure, chain reaction 
is a process where a neutron released in 
fission causes additional fission in further 
nucleus & this nucleus produces neutrons 
further... thus, the process goes on 
e this is regulated through the control rods 
in nuclear reactor 


it is used 
to slow down 


the neutrons 


Nuclear meltdown coolant fluid 
* nuclear meltdown refers to a nuclear 
accident 
* it occurs due to overheating of the fuel 
rods in nuclear reactor 
* this occurs due to the failure of cooling 
systems in a reactor or exposure of fuel 
rods to the air 

* once the fuel gets hot enough, uranium 
melts & falls to the bottom of the reactor 


and even burns through it 


is used to remove 
it is called nuclear 
meltdown also 


heat from 
the nuclear core 


control rods 


are used to 
stop/slow down 


Heavy water 
* oxygen & deuterium isotope of 


hydrogen makes heavy water 
* so, heavy water contains heavy 
hydrogen 
* it has more neutrons than ordinary 
water & is used as moderator in nuclear 


nuclear chain reaction 


these are made of neutron-absorbing material 


reactors 


Materials used as moderator are 


carbon 


neutron-absorbing materials include cadmium/hafnium/boron 


the rods are withdrawn or inserted into reactor to control rate of reaction 


graphite 


in nuclear 
reactors, water 
serves as a 


coolant fluid; 
it absorbs heat 
& produces 
Steam 


Nuclear Reactor 


Pressurized Heavy Water Reactor 


depending 


upon the type of 


Generator 
coolant/moderator used 


. Control Rods 
Calandria nuclear reactors are 


of different categories 


the various 


it is the 
most common type 


Nuclear fission 
* nuclear fission is a process 
* in this a large nucleus is attacked by 
neutrons to make it unstable & split 
* on splitting it releases energy & 
emits two or three more neutron 
which further attack more nuclei 


Nuclear fusion 


* in this multiple atoms combine to 
form to single massive atom with less 
mass than that of the combined ones 
together 

* this difference in mass is released in 

the form of energy 


* it is a naturally occurring radioactive 
element 

* it is classified as a rare earth mineral 

* it is found in monazite ore 

* used as nuclear fuel, as an alloying 


reactors in use 


design-wise 


it is similar to 


pressurized water reactor 


developed in Canada 


& is now in 
use in India also 


elements in magnesium 


in such 
India has world's largest 
reserves of Thorium, 
about 25% of world's 
Thorium reserves 
are in India 


these reactors are 2nd generation reactors 
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these are used for power generation & naval propulsion 


in these reactors, ordinary water is used as coolant & moderator 


in BWR, water is maintained at a lower pressure 


pes of nuclear reactors are discussed below 


In Pressurized Heavy 
Water Reactor (PWR), 
water reaches at a 
temperature of ~325 IS 

so it is kept under 
heavy pressure to 
prevent it from boiling 


BWR 
Boiling Water 


Reactor 


it allows water to boil at a temperature of about 285 Me 


in this, enriched uranium is used as fuel & water as moderator 


India 
is using 
PHWRs since 
1980s 


PHWRs use natural uranium oxides as fuel 
the natural uranium has — 0.794 content of U-235 
therefore, more efficient moderator D20 is used in these 


pe of reactors, thorium may also be used as a fuel 


D;O 
is for heavy 
water 


in these, graphite is used as a moderator & CO» as coolant 
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Nuclear Power in India 


. . Thorium Reserves 
i in India 


AEC 
Atomic Energy 
Commission is 

the main nuclear 
nuclear programme policy body in 
India 


India has 


TY 
L 


M». a — DU 
^ > E A z E b 
Mie 7 E : à 


its own indigenous 


Gi ar 


there are 22 nuclear plants working in India 


49 more reactors are planned to be set up in future 


DAE 
: Department 
now, India has of Atomic 
4 Energy 
l , 6780 MWe of So, by 
Andhra Pradesh total installed 2031-32, India 
T. Nadu & Odisha 15%-20% nuclear capacity i will be having 
installed nuclear 
Kerala & W.Bengal 10%-15% it is expected to reach 13480 MWe by 2024 capacity of 
DAE had set a target of 63000 MWe by 2031-32 ESOM. 
Thorium is more abundant than uranium in Earth's 
crust; India, Australia & US have very large Government has recently cut this target to 22480 MWe 


reserves of thorium; India & Australia have about 
half of world's thorium reserves 


presently, India is 


Share of 
NER EY not a member of 
total electricity Nuclear Non- 
generation Proliferation Treaty 
in world 
global sanctions remain imposed on India till 2009 
| Share of due to that, India remained excluded from nuclear material 
Nuclear Energy in : à ! ec 
t ' 
2% aa ad this era of sanctions hampered India's civil nuclear programme 
capacity as on 
30.06.2018 
due to sanctions 
Solar & Nuclear (2.6%) : 
: as not 
Wind (494) Biofuel (2.994) Eon Kk x ; India's unique Thorium 
ry os PJ oit 1.5%) nascar Fuel Cycle is discussed in 
° 1 


& India does not next pages 


% 1 
E N have adequate uranium 


Hydro (9%) Coal (75%) 


% of various sectors in electricity 
generated in India in 2016 
———————M RE $ r1 ^ Ww 
India's access to nuclear technology from abroad is limited even toda 


because, India's civil liability law doesn't confirm to international conventions 
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Nuclear Power in India 


Nuclear Power Plants in Operation 
Rawatbhata 1 x 100 MW; 1x 200 MW; 
(Rajasthan) 4x 220 MW 

PRADA 2x220MW 
(Gujarat) 

Kaiga 
(Karnataka) 
Kalpakkam 

(T. Nadu) 2x220MW 
Tarapur | 2.x 160 MW; 2x 540 MW 
(Maharashtra) 
Narora 
(U.P.) 2x220MW 


Kudankulam 
(T. Nadu) 


Nuclear Power Plants under construction 
Rawatbhata 
(Rajasthan) 2 x 700 MW 
KOEN 2x 700 MW 
(Gujarat) 
Kudankulam 
(T. Nadu) 2x 1000 MW 
epum 1x 500 MW 


4x220MW 


2x917MW 


Jaitapur (Maharashtra) : 6 x 1650 MW 
(in cooperation with France) 
Kovvada (Andhra Pradesh) : 6 x 1208 MW 
(in cooperation with USA) 
Chhaya Mithi Virdi (Guj.) : 6 x 1000 MW 
(in cooperation with USA) 
Haripur (West Bengal) : 6 x 1000 MW 
(in cooperation with Russia) 


Bhimpur (M.P) : 4 x 700 MW (PHWR) 


nuclear power 


for civil 
: BWR 
use established Boiling Water 
in 1960s in India Reactor 
two BWRs were set up in 1960s at Tarapore 
India is completely independent in nuclear fuel cycle 
: PHWR 
India adopted 7 Pressurized 
PHWR design Heavy Water 
Reactor 


in the year 1964 
PHWR requires less natural uranium than BWR 


even the uranium for PHWR needs no more enrichment 


Nuclear Power 
Corporation of India Ltd. 


plays very 
crucial role in 


thermal nuclear 
power plants in India 


NPCIL operates thermal nuclear power plants in India 


it designs, constructs & commissions nuclear plants in India 


NPCIL is a government undertaking based in Mumbai (Maharashtra) 


NPT 
it is difficult to comment Nuclear 
A Non-Proliferation 
precisely on future of Treaty 


nuclear power in India 
on one hand, there are India's ever growing energy needs 
& on the other hand, there are various concerns related with it 
there are environmental issues, health related issues & safety issues 
India's no to join NPT is also a big hurdle in import of nuclear technology 
even though, Indo-US Nuclear Deal has brought a ray of hope & opened doors 


government needs to come out with clear policy & laws considering all concerns 


c EE ce d ME ME 
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Thorium Fuel Cycle in India 


Protactinium-233 


$ 


India has Monazite contains 
about 8-10% of 


thorium 


limited resources 


3 
ES e of uranium 


7 Uranium-233 


Thorium-233 NE: 
o 
1 d @ 4 


Thorium-232 


Natural thorium absorbs a neutron 
from fission & becomes thorium-233 
Thorium-233 decays quickly (half life 
= 22 minutes) into protactinium-233 


Protactinium-233 decays slowly (half 
life = 27 days) to uranium-233 


es 


thorium fuel cycle 


transforms thorium 


into uranium 
fuel ready for fission 


thorium as such cannot be used to produce energy 


before it is used for reactor fuel, it is converted into U-233 


U-233 doesn't occur naturally, but it is an ideal nuclear reactor fuel 


Greenland : 
Canada 54999 Norway Russia thorium-232 occurs 
44000 t + 132000 t 75000 t Th-232 
4 4 naturally & itis a Thorium-232 
very fertile fuel 
$ - NA SA PER : but it is not a nuclear fuel as it is not ready for fission 
enezucia E 
300000 t Egypt Th-232, the fertile fuel, absorbs a neutron to become fission fuel 
i 100000 t aii 
3 ae S sas Rud 
; 489000 t 


18000 t 


33000 t Total | 2040000t 


IDENTIFIED THORIUM RESERVES 
Source: IAEA 


firstly, thorium 


is 3-4 time more 


abundant than uranium 


it produces nuclear energy with low radiotoxicity waste 


thorium dioxide is chemically more Stable than uranium dioxide 


Cold Water thorium dioxide is relatively inert substance & it doesn't oxidise easily 


—— 
H2S04 


(98%) 


thorium-based reactors, though, produce less radioactive waste 


Residue Th-containing 
Sand, SiO 2, mud 
TiO2, ZrSiO4 etc 


Separation of Thorium from monazite sands 


but, the commercial viability of thorium-based reactors is a big concern 


India's Kakrapar -1 (in Gujarat) is the world's only operating thorium reactor 


gcc ME ee aD 


India's 3-stage 


Nuclear Programme 


U-238 (99.3%) 


LS 


—» U-235 (0.7%) 


Dr. Homi J. Bhabha 


is the founder of 


India's 3-stage 
nuclear programme 


it was to secure India's long-term energy independence 


Isotopic composition of 
natural uranium 


E is 


Dr. Bhabha 
thought of this 
in era of 1950s 


——————————— 


Heavy Water Plants in India 


Nangal - the Ist heavy water plant set up in 


I di ] 3 Š . L 
ndia in 1962 it was to use uranium & thorium reserves of India 


other heavy water plants are at Vadodara, 
Tuticorin, Kota, Thal, Hazira, Thalcher & 
Manuguru 


Reprocessing of spent nuclear fuel 


OPEN CYCLE 
refers to disposal of entire waste after 


subjecting to proper waste treatment 


in this stage 


focus was on 


pressurized 


heavy water reactors 


CLOSED CYCLE 
refers to chemical separation of U-238 & 


Pu-239 and further recycles while the other 
radioactive fission produces were separated, 
sorted out according to their half lives and 
activity and disposed off with minimum 
environmental disturbance 


India adopted this strategy in the year 1964 


in it, electricity is produced by using uranium-238 


in the second stage 


Fast Breeder Reactors 


Pressurized Heavy Water Reactors are Still 
popular in India; in 2017, the government 
approved 10 new such plants 


were developed 


Uranium-238 does not require enrichment, 
it can be directly used as a fuel 


See? 


it involves 
orium (2.5%) 


Monazite is a 
l phosphate mineral in 
igneous & metamorphic 
rocks; it contains about 
2.5% thorium 


advanced series of 


thorium-232 & 
U-233 fueled reactors 
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FBRs use plutonium-239 & natural uranium as fuel 


BARC 
Bhabha Atomic 


Research Centre 
has upgraded the 
technology for 
upgradation of 
heavy water 


nuclear reactors were designed so as to use indigenous fuel 


coasts of Andhra, Odisha & Kerala have thorium-rich monazite sands 


In PHWR, 
uranium is used 
as fuel & 
plutonium-239 
is produced as 
by-product 


Fast Breeder 
Reactor (FBR) 
does not require 
any moderator 


plutonium-239 is produced as a by-product in first stage 


U-233 is 
obtained from 
nuclear 


transmutation 
of Th-232 used 

as blanket in 
Stage-II reactors 


such thermal breeder reactor will use naturall occurring thorium 


Solid 


Liquid Gas 


MASS SPECTROMETRY 
e it is an analytical technique 


e it is used to 
* quantify known materials 
* to identify unknown compounds within a 
sample 
* to elucidate the structure & chemical 
properties of different molecules 
e this process involves conversion of 
sample of matter into gaseous ions 


PLASMA NITRIDING 
e it is a surface hardening process 


* in this process, nitrogen is diffused into 
the surface of components 
e it produces high surface hardness, good 
wear resistance, increased fatigue Strength 
& toughness 


PLASMA PYROLYSIS 
it is burning of organic waste in oxygen 


starved conditions by using high 
temperature plasma to convert the waste 


directly into environmentally benign 
molecules like methane, carbon monoxide, 
hydrogen & water... though costly, it can 
help heal the Earth & contribute in Swachh 
Bharat Mission 
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Plasma 


plasma is 
the 4th state of matter 
after solid, liquid & gas 
in this, electrons move around freely among nuclei of atoms 
electrons have such a high energy level that nucleus cannot hold them 


Sun is the most intensive & dense state of plasma that gives energy for life 


COOL PLASMA 
cool plasma is produced 


at low temperature 


CERO 


it is used to cure human 
fungal infections; to 

clean dirty teeth & to 

treat warm wool 


TOKAMAK 
it is a device that uses a 


powerful magnetic field 
to confine a hot plasma 


there are three 
necessary conditions 


for nuclear fusion 


high temperature, high 
density & prolonged stability 


high temperature requirement places it in the regime of plasma 


plasmas have 


applications 
in the propulsions 


of spacecraft/jet engines 


plasma engines use electricity & create electromagnetic field 
these electromagnetic fields compress & excite a gas into a plasma 


HOT PLASMA 
it is produced at high 


temperatures using 


plasma has 
applications in 


furnaces & graphite 
electrodes 
used to destroy toxic 
hospital & organic wastes 


hypersonic flight 


photolithography also 


it is even used in understanding astrophysical phenomena 


T ee 


ITER China 


Fusion for ITER India 
Energy 


ITER US Central Team ITER Japan 


ITER Russia ITER Korea 


FUSION FOR ENERGY (F4E) 
* it is a joint undertaking of European 
Union for ITER & development 
of fusion energy 
e it was created under the Euratom Treaty 
* F4E represents European Union 
in the ITER 
* it also supports fusion research & 
development 
e it was established in 2007 for 35 years & 
is located at Barcelona in Spain 


WHEN WILL ITER BECOME 
OPERATIONAL? 
the first plasma is scheduled for 


December 2025 
& 
that will be the official start of ITER 


EU (45.5%) 


India (9.1%) 
USA (9.196) <- 


Korea (9.1%) AY- China (9.1%) 


Japan (9.1%) Russia (9.1%) 


% of cost of construction of ITER 
borne by the central team members 
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India (10%) 
EU (34%) 


China (10%) < 


Korea (10%) VU 


ITER is an 


ambitious Russia (10%) € >. Japan (13%) 
energy project USA (13%) 
in world today 
it is world's megaproject situated in France % share in operational 


cost of ITER 
it is an international nuclear fusion research project : 


world's 35 nations are collaborating in this largest tokamak 


ITER tokamak is 


ITER 


International Thermonuclear 
Experimental Reactor 


a magnetic fusion 


experimental device 


it proves fusion as a carbon-free source of energy 


its working is based on the principle that power the stars 


it will have 10 times plasma volume of the largest machine today 


TENER 


ITER will be it is under 


fi ` : construction in 
the first fusion device Ponce 


to produce net energy 


it will be the first device to maintain fusion for long periods 


it is becoming the first such device to test integrated technologies 


So far, European 
Tokamak JET has 
world record of 16 


ITER tokamak 


will produce 


MW of fusion power 
500 MW from 24 MW of input 
heating power 


of fusion power 


it will be produced from 50 MW heating power only 


therefore, in this respect, it will be a net producer of energy ` 


in this reaction is sustained through internal heating 


fusion research now a days is on the threshold of 'burning plasma' 


plasmas in ITER tokamak will produce more & Stable fusion energ 


Knocking 


in a petrol engine, under certain 
operating & ambient conditions, 
knock may occur 


the metallic sound produced due 
to irregular burning of the fuel is 
termed as knocking 


knocking depends on engine & 
fuel properties 


knocking can cause damage to 
the engine, lowers the efficiency 
of engine & cause the loss of 


a measure of the anti-knock 
performance of a fuel in a given 
engine is given by its octane 


the higher the octane number, 
the higher the resistance to 
knock 


Cetane & Cetane 
Number 


cetane is a colorless, liquid 
hydrocarbon 


it ignites easily under 
compression 


cetane rating of 100 is used as a 
Standard measure of performance 
of compression ignition fuels 


cetane number is the rating 
assigned to diesel fuel to rate its 
combustion quality 


so, it is related to the ignition 
time a fuel takes 


a higher octane number means 
shorter ignition delay time 
& vice versa 


Bharat Stage VI requires cetane 
number 51 


Miscellaneous - Important 


Octane Number 


it expresses the resistance ofa 
motor fuel to knock 


r i 3 octane number/rating is measured 
Antiknock Compound on a scale where isooctane is 
'100' & heptane is '0' 
a chemical that reduces the 
knocking & improves the octane 
number of a fuel is called 
'antiknock compound' 
tetraethyl lead (TEL) is one among j 
the best antiknock compounds 


isooctane '100' means 'minimal 
knock' & heptane '0' means 
‘pad knock’ 


the higher octane number 
indicates that more compression 
is required for fuel ignition 


in diesel engines, fuel with low 
octane number are used 


indicates delay in 
ignition time of fuel 


in gasoline engines, fuels with 
high octane number are used 


signifies fuel's ability 
to resist auto ignition 


in spark ignition engines, 
fuels with low octane 
rating may lead to 
pre-ignition 


Benefits of a High 
Cetane Number 


Biodiesel 


Synthetic 


it results in quicker igniti 
Diesel q r ignition of 


the fuel 


Regular Premium 
Diesel Diesel 


Cetane Number of Diesel Fuels 


B100 B20 


it causes the complete burning 
of the fuel 


with faster & complete burning 
of the fuel : 
9 the performance of engine is 
enhanced 
9 the engine produces fewer 
harmful emissions 


m 


Flash Point 


it refers to that lowest 
temperature at which an oil gives 
sufficient vapours to form an 
explosive mixture with air 
it is high in a hot country & low in 
a cold country 


it causes a user to obtain the 
most value for every rupee spent 


the higher cetane number 
reduces the engine noise 
& helps cold engine 
Start quicker 


Information & 
Communication Technology 
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Communication Systems 


History of Communication 


Some major milestones in the history 
of communication 


transmitting & 


1835 
Invention of telegraph by 


Samuel F.B. Morse & Sir 
Charles Wheatstone 


= z 1876 Ki 
‘ Alexander Grahm Bell & 


Antonio Meucci invented 


i T telephone ji 


receiving information 


from one to one E unica | E 
ieee NEM dao ee eu 
i.e. point-to- Telegraph Telephone 
= 1895 point communication 
Jagdish Chandra Bose & 2 s 
Guglielmo Marconi displayed example: telephone 


from one to many 


= 1936 i.e. broadcast communication 
: T il example: radio & television 


elevision broadcast by 


John Logi Baird from many to many - telephone conference call is an example of this 


1955 So as 
First radio FAX transmitted communication ( 65 © Q 
across continent- Alexander starts from the sender Medium 
Bain Sefider ser 


& is sent to the user 


through a communication system 


the communication system involves transmitter, medium & receiver 


the transmitter encodes the message & the receiver decodes it 


Licklider 
the medium connects the transmitter with the receiver 
the medium can be either wireless or wireline 
1975 
Bell Laboratories of USA visible range of light is 
developed Fiber Optics 4000A ° & 7000A ° 
transducer is a device gesturing, nodding are examples of Opto- 
: 1981-91 al hat eanvers mechanical communication 
H ji Tim Berners Lee invented one form of energy | audible range of sound is between 20Hz & 20KHz 
B ide Web f 
3 T None br : into the another 


transducer converts pressure, temperature, force, 
displacement into corresponding variations in electrical signals 


if message signal is non-electrical like voice, transducer 
converts it into electrical signal before sending it to the transmitter 


COMMUNICATION SYSTEMS 
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rtp 


ELECTROMAGNETIC 
WAVE OD. 


Xb 


Attenuation 
the loss of stregnth of a signal 


while propagating through a 
medium 


ne 


E 


Analog Signals à RA 


* are continuously electrical 
signals... may take any value 
within a given tange of 
values; they are subject to 
electronic noise... used in 
landline phones 
e sound signals & picture 
signals in TV are analog 
signals 


Analog Signal 


Tp um um. | ELECTRONIC 
E> 49^ 49 — PROCESSOR 
ELECTRONIC SIGNAL m 


S Ed, 


RECEIVER 


ELECTRONIC SIGNAL 


Repeater 


- @ repeater is a combination 
.. of receiver & transmitter 

‘it picks up signal from 
- transmitter, amplifies & — 


transmits it to the. 


- receiver 


* it is used to extend the 
range of communication 


_ System 


* communication satellite 
is a repeater station in 


` space 


p TRANSMITTE 


TRANSDUCER (g 


& 


Signal 
the information 
converted in electrical 
form which is suitable for 
transmission... signal can be 
either analog or digital 


igital Signals. : 


* are those which can take 
only discrete stepwise values 
* computer files consists of a 
symbolic discrete time digital 

system 
e they are in the form of 
String of bits 
* each bit is either ON or 
OFF (1 or 0) 


Digital Signal 


EJ 


INS C wv 
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Communication Systems 


- Bandwidth 


Peak 


| BandWidth 


l 
fl fc f2 


Lbs 3 3 duri 


pears 
D 
È 


Standard AM broadcast 
(540-1600 KHz) . VHF TV 
Very High 

Frequencies _ 

FM broadcast STV... 


(88-108 MHz) 


TV 
54-72 MHz 
76-88 MHz 
174-216 MHz 
420-890 MHz 


f VHF TV 


f UHF TV 


Cellular Mobile Radio 
Mobile to base station (896-901 MHz) 
Base station to mobile (840-935 MHz) 


Satellite C icati 

atellite Communication bandwidths 

Downlink (3.7-4.2 GHz) are 32, 64 or 
Uplink (5.9-6.4 GHz) 128 kbps 


MODEM 
e it is a device used for communication of digital 
signals over analog telephone lines 
* it can convert a digital bit stream into an analog 
signal (modulator) & vice versa (demodulator) 


TN 
| Ultra High 


Frequencies 


Modem  . 
Modulator & 
demodulator 


bandwidth is the 
the range of frequencies 
of electrical signals 
in analog system, bandwidth is expressed in terms of frequency (Hz) 


in digital system, bandwidth is expressed in terms of bits per second (bps) 


io 


capacity of a network 


to transmit data 


from one point to another 
depends on its bandwidth 


so, bandwidth phenomenon is important in communication systems 


it is the interval 


is the medium that 


between frequencies of transmits signal from 


transmission channel source to destination 


bandwidth of wires 


wire is a most widely 1 MHz 


used transmission medium is equal to 
1 GHz SR 1000 KHz 
, itis a co-axial medium 
is equal to 
1000 MHz the coaxial cable has bandwidth of about 750 MHz 


these coaxial cables work for value less than 18 GHz bandwidth 


bandwidth of 
radiowaves in free space 


1 THz 
is equal to 
10° Hz 


radio waves are 


the free space 
transmission medium 


1 THz 
is equal to 
1000 GHz 


bandwidth varies between few hundred KHz & few GHz 


this is further subdivided into many frequencies - see table 
bandwidth of optical fiber 
varies from 1 THz to 1000 THz 


its range is from microwaves to ultraviolet 
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Communication Systems 
- Electromagnetic Waves 


EM Waves 
Electromagnetic Waves 


does not require medium 
for propagation 


the waves created 


as a result of 


ee RS A HET zu oscillations between 
the man who confirmed the waves are 
existence of EM waves transverse an electric field : 
waves & a magnetic field in vacuum, 


EM waves travel 


they can travel through all - air, solid or vacuum at the speed of 


light 


8 -l 
EM waves travel with a constant velocity of 3 x 10. ms 
they are deflected neither by electric field & nor by magnetic field 


their range of wavelength is very wide - from radio waves to visible light 


RADIO FREQUENCY BANDS 


Application 
all waves 
a transmitter radiates of energy are 


Marine EM waves 
navigator EM waves with 


300 KHz - Medium wave the help of antenna 
cou radio the waves are propagated in space & captured by the receiver 
‘| | 3-30 MHz at the receiver, another antenna extracts energy from the EM waves 
+ | 30-300 MHz EM Radio 


"anm | 300 MHz- Commercial TV, EEO IR NRI 
E ai 3 GHz radio, radar 
4 they are classified Examples of EM waves 
eet Satellite on the basis of their IS 
ee BIS : on “radio waves 
communi 
: A : frequenc e 
Soe Bae onz cellular mobile, q y : x 
BS commercial TV or wavelength — EE 


on this basis, 2 
EM waves are visible light 


Abbreviations used in the above table 
ELF: Extremely Low VLF: Very Low 
Frequency Frequency 
LF: Low Frequency e TUS 
Frequency 
is VHF: Very High 


UHF: Ultra High SHF: Super High 
Frequency Frequency 


high frequency waves 


: UV, x-rays & gamma rays 
with short wavelength 


have high energ 


example: x-rays or gamma rays 


low frequency waves 
with longer wavelength 


have less energy 


example: TV waves or radio waves 


irrespective of their energy or wavelength, they move at the same speed 


Jo X MESE ME 
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AM vs. FM 


> AM- Amplitude Modulation; FM - Frequency Modulation 


> Both AM & FM are ways of broadcasting radio signal 


> Both transmit information in the form of EM waves 


Ionosphere 


Ionosphere 


| 


**— Ground Wave 
**— AM Radio Transmittc 


FM Radio 
Transmitters 


EARTH EARTH 
How does AM Radio work? How does FM Radio work? 
Fig.1 Fig.2 


while transmitting information, 
frequency varies while the amplitude 
remains constant 


while transmitting information, 
amplitude varies while the frequency 
remains constant 


sound quality of FM is better because of 
higher bandwidth, it is less prone to 
interferences 


sound quality of AM is poor, but it is 
relatively cheaper and can be transmitted 
over longer distances 
[eee Se 
FM has higher bandwidth, so its sound 
quality is better & it covers only limited 
distances 


AM has lower bandwidth, that is why it 
can have more stations available in any 
frequency range 


the frequency range of FM radio is from 
88 to 108 MHz 


o 


AM radio ranges from 535 to 1705 KHz 


FM is less susceptible to noise as 
information in an FM signal is transmitted 
through varying frequency, not amplitude 


AM is more susceptible to noise because 
noise affects amplitude & it is where the 
information is stored in an AM signal 


As shown in Fig.2 above, FM waves go in a straight line and do not bend around the 
sappear into space quickly 
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Propagation of EM Waves 


: ; i ai TE iving antenna... 
* in radio waves communication, two antennas are used - transmitting antenna & jo 
So ; : Ui hr ace... 
transmitting antenna radiates EM waves which reach the receiving antenna t ough the sp 


* Earth's atmosphere plays an important role in the propagation of electromagnetic (EM) waves 


Ground Waves 


N 


Transmitting Receiving 
Antenna  ———e e— Antenna 


EARTH 


in standard AM broadcast, ground based vertical towers are used as transmitting antennas... ground 
has influence over the propagation of the signal... this mode of propagation is called ground wave 
propagation... wave moves over the surface of the Earth... the wave induces current in the ground, 


some energy is absorbed by the Earth and as a result the energy of the wave decreases... decrease in 
force of ground wave increases with increase in frequency... the maximum range of coverage by 
ground wave depends on the transmitted power & frequency... 


c= 
ermosphere 
Mesosphere 
Stratosphere 
EARTH EARTH 


Sky Waves Space Waves 


radio waves of frequency range between 30 & 40 MHz are a space wave travels in straight line from transmitting antenna 
reflected from ionosphere... long distance communication is to the receiving antenna... space waves are used for line of sight 


achieved this way... this is the sky mode of propagation of communication as well as satellite communication... it is useful 
EM waves... it is used for short wave broadcast services... for communication at frequencies above 40 MHz 


__TROPOSPHER 
exists during day & night 


interaction of 
Earth's atmosphere with 
propagation of EM waves 
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Media/Channels 


there are two types of 
communication channels 


wireline (using guided media) 


for transmitting EM signals microwave 
frequencies from 1 GHz to 300 GHz are 
used... this frequency range is further divided 
into various bands... Indian satellite 
INSAT-4C operates in C band (4-8 GHz) and 
Edusat operates in Ku band (12-18 GHz) 


wireless (using unguided media) 


wireline channels came into use before the wireless ones 


wireline channels connect 


transmission lines 


transmitter to the receiver ionis eal table 


e an optical fiber 


through a wire 


they connect physically the transmitter to the receiver 


Twisted pair of wires 


* twisted pair cabling is a type of 
wiring in which two conductors of a 
single circuit are twisted together 

* it is used to help avoid certain kinds 
of signal interference 

* it is the least expensive LAN cable 


Coaxial cable 


* consists of two conductors separated 
by a dielectric material 

* is used for carrying cable TV signals 

* it minimizes radiation losses at high 
frequencies 

* useful upto maximum 40 GHz range 


Optical fibre 


* is made up of plastic or glass 

* uses light to transmit information 
over great distances at high speed 

* it is comparatively cheaper & sends 
more data with less 'degradation' or 

signal loss 


wireline channels are safer, private & less prone to interference 


these can be either point-to-point connections or broadcast connections 


wireless channels 


e they are flexible 
* desired signals can be selected 
by the tuner of the receiver 


are more public than 


the wireline ones 


in wirelss system, a transmitter antenna radiates wireless 
channels are 


more prone to 
the propagation of radio waves from transmitter to the interference & 


receiver depends on the frequency of electromagnetic waves 


a signal that can be received by any nearby antenna 


noise 


it is based on 
digital technology 


to transmit & receive data 


across the radio spectrum 


in digital radio 


transmitter sends 


program signals broken into 
fragments & coded into digits 


each segment is transmitted many times to get it through 


radio signals travel on a huge, broadband of radio frequencies 
which is about 1500 times wider than those used in analog radio 


so, wider signals can bypass the obstruction & the quality improves 


Sr 
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Space Communication 


communication 


between a vehicle 
in space & the Earth 


is known as 
space communication 


Receiving 
antenna 


high frequency EM radiation (radio waves) are used in this 
space communication is the backbone of any successful space mission 


in this, information is exchanged between space & Earth, using space as a medium 


EM 
(Electromagnetic) 


waves superimposed 


information is 
NASA's space communication & navigation carried between 


services are provided by three integral 


Earth & space by sound waves are 
networks called modulated 
* Near Earth Network (NEN) in the form MP 


e Space Network (SN) 
* Deep Space Network (DSN) 


Near Earth Network 


NEN is known as Ground Network also 


of sound waves travel through space 


E A i at the speed of light 
EM waves are used as a carrier to send information p gh 


EM waves carrying sound waves can propagate into space 


thus, signals are transferred between Earth & space in short time 


it provides telemetry, commanding, ground- 
based tracking, data & communication 


services no space mission 


can become 
successful without 


NEN provides these services to customers 
with satellites in LEO, GEO, Lunar Orbit 
etc 


S 


it provides communication services to 
spacecraft in Earth's vicinity, space shuttles 
& International Space Station 


space communication 
it is required for telemetry & tracking of spacecrafts 
voice communication in human space missions is important 


after a spacecraft is launched, communication is the only link with it 


it was established in 1980s to replace 
NASA's worldwide network of ground 
tracking stations 


in propagation 


of EM waves, 
Earth's atmosphere 


Deep Space Network 


it is an international network of larger 
antennas & communication facilities 


Earth's atmosphere absorbs most of infrared radiation 


it supports interplanetary spacecraft 


UV radiation is absorbed by ozone layer in Earth's stratosphere 
missions 


in atmosphere affects propagation of EM waves 


y-rays UV rays IR rays Radio waves 


l 


E port es l Nei ry 


——————————— 


PE] | T 


Cosmic x-rays Visible Light Microwaves 
rays (VIBGYOR) 


S g 

= = 

z S 

1 nm Comparison of size of wavelength of 1 micrometre 

is equal to .001 e is equal to .001 
gr du Electromagnetic Spectrum a a. 


Microwaves 


Radiowaves 


Visible light Ultraviolet waves 
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Telecommunication 


P 


in simple terms 


it is communication 


over considerable distance 


in this, communication is done through electronic means 


it refers to various types of transmission - voice, data, video 


UTP STP 
Unshielded Twisted Shielded Twisted it is sending 
Pair Pair 


or propagating 


it is represented by a continuous wave 


one end to the other end 


information is shared between two end through signals 


it may vary in signal strength (amplitude) 
& frequency (time) 


information signal can be with an analog signal or a digital signal 


higher & lower points define amplitude and 
the physical length from left to right 
represents the frequency 


it refers to 


the various mediums 


through which 
information is transmitted 
it can be wires (in case of wireline transmission) or wireless 


Analog signal represented as a sine wave radio waves, satellites & microwaves are examples of wireless media 


NT a various wireline & wireless transmission media have been discussed below 
TAH 


it is required for computer processing 


| binary digits '0' & '1' are used in this copper cable is 


e a wireline medium 
digital signals retain a uniform structure - 


j | provide a constant & consistent structure of communication 
s l copper cables include twist i i 
it is used as an alternative to analog Pp ed pair & coaxial cable 
applications this medium is suitable in short-distance communication 
0101010101010 two copper wires 


Digital signal with binary digits 


are twisted together 


in a DNA molecular form 


this is done to reduce electromagnetic interference from outside 


this improves the quality of transmission of data from one to another end 


Telecommunication 


Outside 
Insulation 


coaxial cable is 


a shielded & insulated 


Insulation 


copper cable 


the cable operators mostly use coaxial cables 


Copper Wire 
Shield 


Coaxial Cable 


—— EE 


in a coaxial cable, one conductor is hollow 
& the other conductor is put inside it at its 
centre throughout the length of the cable 


coaxial cables 


minimizes 
any disturbance 


in communication signals 


these conductors are separated by a layer of 
polyethylene & the electric field is confined 
in the annular space between 
the conductors 


laser carries 


a coaxial cable can carry both digital & 
analog signals 


information signals 


through optical fibres 


laser is a highly coherent source of light waves 


Oliver Heaviside 


- an English Engineer who 
invented Coaxial Cable 


sending 
multiple signals 


over a tansmission 
link at the same time 


is called multiplexing 


Narinder Singh Kapany it is made possible by a device called multiplexer 


who invented Optical Fibre in 
1952 was born in India, educated 


in England & lived in US j 
is the process 


of recovering signals 


at receiver's end 


this is done with the help of a device 'demultiplexer' 
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these are engineered to block any signal interference 


1st used in 1940s, is used for baseband & broadband services 


coherent wave sources produce monochromatic light 


optical fibre cables have eased out the idea of multiplexing 


coaxial cables 
are useful in 
limited range 


of up to a 
maximum of 
400 GHz 


at high signal frequencies, radiation losses are minimized 


their resistance is limited & that too decreases with frequency 


multiplexer 
combines 
various input 
lines into one 
output line; so 
multiplexer has 
several inputs & 
one output 


various types of 
multiplexing are 


* FDMA 
e TDMA 
e CDMA 


Telecommunication 


DSL isa 


digital mode of 
telecommunication 
it is a broadband digital transmission service 
it transmits digital signals using high frequency range 


DSL uses frequency range higher than that of the telephone 


it provides 


broadband 
internet access 


Internet Service 
Provider along with phone calls 
DSL service is offered on normal telephone lines 


it allows simultaneous use of broadband & telephone 


quality of service is not affected with increase of subscribers 


DSL services 


decreases with 


Joseph Lechleider increase in distance 


the man who developed the idea of from the service provider 
Assymetrical DSL 


internet is available only if telephone network exists 


MEANS 


it is a kind of 


DSL technolog 


used to provide high- 


John Cioffi : 
speed internet connectivity 


the man who developed the method 
of separating DSL signals into 256 
frequency bands or channels 


it allows symmetric bandwidth for uploads & downloads 


itis a more 


popular kind of 
DSL technology 


it allows more download bandwidth than the upload one 
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Telecommunication 


modem is a 
hardware device 


that allows 
data transfer from 


one computer to another 


it converts analog signals into digital ones & vice versa 


therefore, the modem is a modulator & demodulator device 


modulator of Modulator 
converts digital 


signal to analog 
converts & demodulator 
a digital signal converts analog 
signal to digital 


a nearby modem 


into an analog one 


Dennis C. Hayes & Dael Heatherington telephone line transmits analog signal to the receiver 


the persons who invented at receiver's end, demodulator of modem converts it to digital 


PC modem in 1977 


cable modem 


A isa 
type of modem 
ah 


Brent Townshend 


used in TV technology 


it enables connecting user's TV to local cable TV line 

the person who developed a 
concept which served as a 
basis for 56 Kb/s modem 


it allowed high speed data transfer 
between two computers 


it is another 


pe of modem 


Data Transfer Rate . 
used for internet access 


the speed at which a given amount of it connects user's PC to internet via telephone line 
data travels from one end to another is : 


called data transfer rate 


eee” 


it is measured in bits per second in 
telecommunication 


Sse data transmission 


it is used for 


it computers data transfer is measured in 
bytes per second 


at high speed 


it enables broadband digital transmission service 


EX ee a De ee c c 
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Cell Phone Technology 


Alexander Graham Bell 
=" > - the inventor of telephone 


cell phone is 


actually a 
two-way radio 


Heinrich Hertz Gugleilmo Marconi 


the Father of 
Radio 


discovered 
wireless radio 


Nicola Tesla 


- a smart radio 


- the one who invented radio 


cell phone technology is a combination of two 


i ireless radio 
W. Rae Young the two technologies are telephone and wirele 


NNE 


- the person who invented 
cell phone along with 
Douglas H. Ring 


each cell has 


a base station 
phone is called so consisting of a 


cell or cellular 


System Identification 
Number (SID) 


tower & radio 


because the coverage x 
equipment 


map of each tower in a city 


it is broadcast by a base station in a 
cellular phone network area 


looks like a cell 
it is used to connect the phone device with 


control channel when the phone is on 


phone operated on the cell like network are called 'cell phones' 


i ' ! i hnolo 
it is globally unique within various networks Douglas H. Ring & W. Rae Young used the term 'cellular' for this technology 


Mobile Telephone Switching Office 


when the mobile 


phone is switched on itis MTSO that 
it contains switching equipment/mobile ien communicates 
switching centre for routing calls it is connected with user's 
to a control channel phone device 
TSO i : ] 
MTSO is very important in cellular system through a system over a control 
: : : channel 
it is responsible for interconnecting calls identification number 


if it fails to connect control channel, it appears our of range 
«5D then phone is registered on MTSO which keeps track of phone location 


MTSO get a call, finds phone device & delivers call by matching frequency pair 


it refers to wireless transmission; radiation 
of electromagnetic energy through space 


radio signals are created by two kinds of 


waves - sound waves & radio frequency 
of control channel 


waves ll 
a 
does not match the one ] 
this happens 
sound waves represent the sounds that are : 
programmed into the phone ithi 
sent to the audience & radio frequency r Within seconds 
waves are helpful in carrying the sound it is said to be in roaming only 


waves to user's end 


then, MTSO of local cell contacts MTSO of user's home cell 
radio waves travel at speed of light home MTSO confirms the SID & the local MTSO tracks the phone 


TOR ee eae IGN E a Le 
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Cell Phone Technology 


FDMA is 


ive] 
> 


one of 
the common 


Kouonboiq 


cell phone technologies 


in FDMA, each call is put on a separate frequency 


Time 


TDMA technology - here frequency band 


: FDMA separates FDMA is used for 
is shown shared by three users - A, B & C 


analog transmission, 
the spectrum into it is not efficient for 


CDMA 
0.45% 


digital transmission 


distinct voice channels 


it does so by splitting it into uniform chunks of bandwidth 


GSM 
99.55% 


TDMA is a f 
% of CDMA & GSM subscriber out of total digital cellular of 
wireless a ae in India phone technology the lady who 
Sih that is used for GSM invented CDMA 


it assigns each call a certain time on a designated frequency 


TDMA allows several users to share the same frequency channel 


signal is divided into different time slots & users transmit one after other 


Tele-density in India as on 31/12/2017 


Source: TRAI it is a sort CDMA was firs 
of multiplexing introduced in 1995 in 
"i Hong Kong & USA 
various signals to is used in ultra- 
Teledensity is the number of telephone << high frequency 
connections for every 100 individuals occupy a single cellular phone 
living in an area transmission channel systems 


CDMA optimizes the use of available bandwidth 


FDMA | Frequency Division Multiple Access 
TDMA |-- Time Division Multiple Access - 
CDMA. Code Division Multiple Access 


— Global System for Mobile 
Communication ` 


in this technology 


GSM 


each call is allotted 
a unique code 
then the call data is spread over different frequencies 


the system reassemble the data to deliver it to the receiver 


— ir? —— ——— 
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Cell Phone Technology 


GSM isa 


globally 
accepted standard 


mobile communication 


it uses narrowband TDMA for voice & text-based services 


I 
I 
I 
I 
l 
l 
I for digital 
I 
| 
I 
I 
I 


ME - Mobile Equipment; SIM - Subscriber Identity 
Module; BTS - Base Transceiver System; BSC - Base 


Station Controller; MSC - Mobile-Service Switching GSM is the GSM 

Centre; AuC - Authentication Centre; HLR - Home name ofa SETVICE 1S 

Location Register; VLR - Visitor Location Register very popular 
standardization group in Europe & 


Asia 


GSM Network Structure 


SIM is called Subscriber Identity Module 


the group was formed in the year 1982 in Europe 


it was to create a common standard for mobile telephone 


GSM is now a globally recognized standard in telecommunication 


it is a chip which is inserted in cellular 
phones GSM isa USA has 
circuit-switched system allocated spectrum 


of 850 & 1900 
with major market share MHz for GSM 


it Stores information required by the 
phone device to communicate with the 
cell towers of service provider 


service 


it divides each 200 kHz channel into 8 equal time slots 


a GSM phone cannot work without a SIM 
card 


mostly, GSM service operates on a band of 900 & 1800 MHz 


i YR 


GSM provides 


| 


e-SIM means embedded SIM ; 
basic to advanced 


it is referred to as the next-generation 


voice & data servi 
SIM technology SUR 


GSM services are available in more than 200 countries 
in this, a non-replaceable chip is embedded 


on the circuit board of the cellular phone 
device 


it provides roaming services using inter/intra-GSM networks 


it allows a user to remotely activate the 


e-SIM on its mobile phone device it is because of 


international roaming 


ISDN is for Integrated Service Digital high-quality voice 
Network it is a set of communication E 
standards for digital telephone moreover, GSM phone devices are low-cost devices 


connection & transmission 
of voice & data 


its compatibility with ISDN is also a reason for its populari 


GSM allows improved spectrum efficiency & supports new services 


<< c p a 


V-SAT 


Geostationary VSAT is 
Satellite a small station 


i : rture Terminal 
VSAT Remote Sites that receives & transmits VSAT| Very Small Aperture 


l real time data via satellite 
Pa E 


therefore, it is a system that provides two-way communication 


Ho& this small proud: based Station transmits video, audio & data signals 


Computers  /— 


ee Fam He 


REA ee BS 


Central Hub Outdoor Indoor User's 
Unit Unit Terminal there are 
two segments of 
VSAT Network 


VSAT system 
which consist of 


& the space segment 


it is a subsystem 


ground segment consists of equipment at hub & end location 


it provides connecting link between 
transmitting & receiving antennas of 
satellite 


while space segment consists of two-way link to & from the satellite 


it is made of combination of letters taken 


from ‘transmitter’ (trans) & 'responder' ground segment 
(ponder) of VSAT consists of 


a central hub 
(master Earth station) 


so, it performs the function of both 
'transmitter' & 'receiver' (responder) 


& remotely located 
VSATS at End-user location 


the remotely located VSATs are connected to the central hub 
data between VSATs & main hub flows via satellite's transponder 
the central hub controls the entire operation of communication network 


each end-user is connected to the hub via satellite forming 'star' configuration 


LNA : Low Noise Amplifier; CP : Carrier Processor; 
PA : Power Amplifier 


Block Diagram of Transponder VSAT equipment 


7 consists of two units 
= receives uplink signal from satellite 
ES NR i ae oom cdi 
"Ee. | performs frequency down conversion of 
XY received signals 


4 e plifies the frequency down converted _ 
- signal to the required level 


one outdoor 
& the other indoor 


the outdoor unit lies in line-of-sight to the satellite 


the indoor unit is placed for interface with user's devices 


pe 


both outdoor & indoor units are linked with the help of cable 
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V-SAT - radio 
frequency bands 


Application of VSAT 


Speed & Data 
Internet ni 
Collection 
Access 
Virtual Satellite 
Private News 


Fi ial M cci 
Services Leeming 


it refers to intermediate links between the 
core network & small sub-networks 


it is that side of network that connects with 
the global internet 


it acts as a backbone for distribution of data 
between subscriber station (sender) & base 
Station (receiver) 


. Uses of backhauling 


radio access launching 

network pad control 
(RAN) link to 
equipment ground 
telecom 


SS a 


Telemetry 


C-band 
performs better 
C-band under adverse 
is used for weather conditions 


on the ground; this 
is because of its 
lower frequency 
range 


voice & data communication 
& backhauling also 
it uses band frequency from 3.7 to 4.2 GHz for downlinks 
for uplinks, it uses band frequency in the range of 5.925 & 6.425 GHz 


the C-band communication requires larger antenna because of its weaker power 


X-band is 
used mainly for 


military communications 
& meteorological applications 


it uses band frequency from 7.25 to 7.75 GHz for downlinks 
for uplinks, it uses band frequency in the range of 7.9 & 8.4 GHz 


it has low frequency range & so, it performs better in adverse weather 


it is used for 
direct-to-home access 


networks 
in Ku-band are 
more susceptible 


distance learning 


news gathering 
& VSAT services etc. 


for uplinks, Ku-band uses frequency band of 14 GHz 


to rain fade 
especially in 
tropical areas 


it uses frequency band from 10.9 to 12.75 GHz for downlinks 
antenna used in Ku-band is much smaller than that used in C-band 


Ku-band has higher frequency, so small antenna is enough for higher gain 


it is used for Rain fade 
refers to absorption 


military networks of microwave radio 
& VSAT services 


it used frequency band 18-20 GHz for downlinks 


frequency signal by 
atmospheric rain, 
snow or losses 


for uplinks, it uses frequency band range of 26.5-40 GHz 


antenna used in this is much smaller because of its higher power 
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IG to 5G 


High 
Speed 
Multimedia 


1980 1990 2000 2010 2020 


allowed voice calls only 
* por voice quality * no security 


* limited capacity 


allows voice calls & data both 


* requires strong digital signals 
* is unable to handle videos etc. 


allows high speed multimedia services 


& many new applications like video 
calls etc. 


pem ; S 
high cost of infrastructure 


* higher bandwidth requirement 


Evolution of Mobile 
Technology & Data 
Transfer Rate 


it refers to 


the 1st 
generation of 


wireless mobile 
telecom technology 


it begins with start of mobile phone era in 1980s 
its speed was limited to 2.4 kbps & it used analog signals 


1G service allowed voice calls only & that too within a country 


CN 


2nd generation 
of mobile technology 


was launched 
in 1991 in Europe 


it uses digital signals & its speed was up to 64 kbps 
it allows SMS, MMS & picture messages alongwith voice calls 


2G service remains better than the 1G in terms both quality & capacity 


3G Capabilities - 


e improve voice quality 


3G Applications 


it brought * greater capacity e wireless internet 
* improved security e audio on demand 
the era of e global roaming across idto uo e 

smart phones networks y me Pg = 
f e multiple simultaneous * video conferencing 

in the year 2001 services e secured financial 


transactions 
* location specific 
it provides mobile user access to high speed internet traffic information 


it was certainly an improvement over the 2G 


3G era allows users to enjoy high speed multimedia services 


Advantages of 4G 


phone technology * new services 
* increased range 
follows on from e increased capacity 
2G & 3G technologies iqacc i oo 
* less power use for 
4G standards are characterized by high speed data rates transmission 


various technologies used in 4G are MIMO, IPv6, VoIP, SDR etc. 
smart antennas in 4G resolve problem of diminishing spectrum availability 


5G, which is following 4G, has many improvement including faster data rates etc. 


— ag — ————— 
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4G Technologies 


Transmitter 


(Tx) 


MIMO 


Geis 2 


radio is a device that transmits or receives 
signals wirelessly in the radio frequency part 
of electromagnetic spectrum to facilitate the 
transfer of information 


Ah aan 


multiple input, single output 


like MIMO, it is an antenna technology for 
wireless communication 


in this, multiple antennas are used at the 
source whereas single antenna is used at the 
destination 


this is done to minimize errors & optimize 
data speed / 


&  — |. 


single input, multiple output is another 
antenna technology for wireless 
communication 


in this, single antenna is used at source while 
multiple antennas are used at desitnation, i.e 
receiver's end 


in conventional wireless communication 
system, one antenna is used at source & one 
at the destination 


so when an electromagnetic field is met with 
any obstruction, the waves are scattered & 
take many parts to reach the destination 


& this may cause reduction in data speed & 
increase in number of errors; so, multiple 
antennas are used at the destination to reduce 

this problem 


Receiver 
| (Rx) 


MIMO is an 
antenna technolog 


for wireless 
communication MIMO | Multiple Input, Multiple Output 

it is one form of smart antenna technology 

MISO & SIMO are MIMO-like other technologies 

MIMO uses multiple antennas at both source & destination 


this technology is used to minimize errors & optimize data speed 


IPv6 is 
the latest version 


of internet protocol Internet Protocol version 6 
it is called IPng - Internet Protocol next generation 
it is used for carrying data in packets over various networks 


IPv6 has very large address space, it can support 2^128 IP addresses 


uc d PC 
VoIP is a PC 
A mm: 
telephone connection m — d» E 
C EE ^ a 
over the internet | Telephone ^ Adapter Telephone 


voice calls are made using internet, not phone lines 
VolP service converts voice into digital signal for transmission 


hotspots in public places enable one to use VoIP service anywhere 


software- 
defined radio 


which is implemented 
by the means of software 


is a radio 
communication system 


Voice over Internet Protocol 
Software-Defined Radio 


SDR allows use of common platform across many areas 
in this, configuration of the radio can be changed for any function 
software-defined radio concept has its military & commercial ap plications 


it is used for cellular base stations where standard upgrades occur very frequently 


GPRS vs. CDMA 


GPRS 


allows internet 
connections through 
mobile phones 


CDMA 


through mobile 
connections 


CDMA 


GPRS is used in 
gadgets other than 
mobile phones 


gadgets only 


not as faster as 
CDMA 


is faster than the 
GPRS 


average latency on 


GPRS is ~1.3 seconds ER 
milliseconds 


supports only 
UDP 


supports both 
UDP & TCP 


average latency in a network is the average 
time it takes for a data packet to travel 
from one nod to another 


latency is the time taken when a data 
packet is transmitted & returned back to its 
= source 


Multimedia Messaging Service 


it is a Standard in mobile messaging 


messages are sent from a mobile to other 
mobile or even sent from a mobile to 
an e-mail address 


the messages sent include text, audio, 
images & video 


unlike SMS, MMS messages do not have 
any size limit & MMS requires 3G 
network 


allows making calls 


is used in mobile 


average latency on 
CDMA is ~400 
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^e ee 
eats cow reason 
several users can share 


the same transmission channel 


GPRS provides 


packet radio 
access service where 


Global System for Mobile 
Communication 
m User Datagram Protocol 
| ree | Transmission Control Protocol 
& makes application 


available on one-click only 


its always 
online feature 


removes dial-up process 


it can be added on existing infrastructure, no extra is needed 


it allows 3G & WCDMA to transmit IP packets to networks outside 


GPRS system is an integrated part of GSM network switching subsystem 


both 
GPRS UDP & TCP are 
has opened communication 
protocols 


a wide range 
of unique services 


to moie m ec wcpMA| Wideband Code Division 
wireless subscriber Multiple Access 


it maintains constant voice & data communications 


it allows subscribers to obtain connectivity from anywhere 


it allows subscribers to obtain information relevant to current location 


both non-voice (SMS/MMS) & voice calls are possible with GPRS service 


Application of RADAR 


x= 1 


it is used in air defence for 

e target detection 

e target recognition 

* directing the weapon to the tracked targets 


RADAR is used in missile systems to guide 
the weapons 


for identifying the locations of enemy & 
identification of friend or foe 


| 


RADAR is used for air traffic management 
near airports; air surveillance radars are used 
to detect & display the aircrafts' position in 
airport terminals 


with the helps of RADARs, aircrafts are 
guided to land in bad weathers even 


to scan airport surface for aircraft & ground 
vehicle positions 


| 


Space applications of RADAR include 
guiding space vehicles for safe landing on 
Moon etc. 


observing planetary systems 


detection & keeping track of satellites 


monitoring the meteors coming to the Earth 
from sky 


| 


RADARs are used by traffic police to 
determine speeds of vehicle 


to monitor the movement of vehicles by 
giving warnings about presence of other 
vehicle or other obstacles 


Lastly, RADARs are used in remote sensing 
for observing weather, planetary positions 
& monitoring sea ice 
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RADAR is an 


electromagnetic 
system used to detect 


location & 
distance of an object 


it measures the distance of object from RADAR station 


it is extremely helpful in conditions of war, disasters & forest fires 


RADAR 
has a transmitter 


which produces an 


electromagnetic signal 


radar antenna radiates the EM signal in a direction 


when the signal met an object, it got reflected or reradiated 


it catches the signal & determines the location & range of an object 


doppler radar is a 


specialized radar 


based on 
Doppler's Effect 


a Doppler Radar tracks vehicles at a distance 
it figures out speed, direction & distance of an object 


the radar bounces a pulse of radio waves off the target object 


divyachakshu 
which is 
meant as divine eye 


is a Through 
Barrier Imaging Radar 


the radar has been developed by DRDO in 2016 
it can even produces images from other side up to 20m 
the technology used in this radar is based on thermal imaging 


this radar can be helpful in hostage situations & locating terrorists 


Commercialization 
of internet 


Invention of 
microprocessor 


* digital world is a world depending 
more on network of digital systems/ 
devices 

* digital world is more compact & 
closely knit with oceans of 
opportunities & ideas 


e is a term that refers to the young 
people of new generation 

* they are more reliant on the use of 
internet & digital technology 

* advancements in IT has made it 
possible 


* it refers to the artificial intelligence 
* it is a branch of computer science 


which involves creation of machines 


with cognitive ability like man 
* machines are developed that mimic 
human intelligence 


Al is in use everywhere 


from homes to corporates & 
institutes of governance 


Introduction of 
personal computer 
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technology 


related with 
exchange of information 


between two systems 
or between men & machines 


it includes anything used involved in transmittal of information 


the computer systems, softwares, telecommunications all are part of it 


it involves various disciplines related with technology, engineering & management 


Re 


it refers to 


the spread of affordable 


technology worldwide 
new breakthroughs have brought IT within the reach worldwide 


data costs 


it is characterized by microchips, affordable computing & 


information technology revolution has transitioned us into a digital world 


it has brought the AI, work from distance culture & more accuracy in decisions 


computer is 


basically a machine 
developed to do various 


mathematical 
& logical operations 


for this, computers use a hardware & software system 
through such systems, it can store, process, retrieve & print data 


it executes applications & provides solutions to various 


es of problems 


a computer system 
is a set of all 


hardware & 
software systems 


it includes input devices, processing, 


Storage & output devices 


it includes computer, software & peripheral devices to make it function 


chnology 
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Types of Computers 


Classification 
of Computers 


computers are classified 


ae on the basis of their 
——__}+—_ functionality 
Analogue Digital Hybrid & performance 
FM "+" — on the basis of function, it can be analogue, digital or hybrid computer 
Micro Mini Miniframe Super on the basis of performance, it can be micro, mini, mainframe or super computer 


an analogue computer 
uses analogue signals to 
display information 
(«y it is used to measure the continuous physical quantities 


example - current flow, temperature, blood pressure, heartbeat etc. 


ECG Machine Speedometer 
the information displayed in analogue computers is in the form of curves 
Q3 A 
= 
em 
Analogue Clock Thermometer Tyre Pressure digital computer UE 
Gauge are computers which 1 y 


digits '0' & '1' 


process information 
in discrete form 

it operates on data that are expressed in binary form 

a digital computer is able to perform various types of tasks - 

today, most of the computers in the world are digital computers 


information is discrete & shown in the form of text, graphics & pictures 
Apple Mac Computer 


a hybrid 
computer involves 


T1 Calculat 
Digital watch Desktop Computors ^ Calculator features of both 


analogue & 
digital computer 


Examples of Hybrid Computers it includes an analogue unit for powerful calculations 


a hybrid computer has a readily available digital memory also 


E Eme E A il it is suitable where logical operations & efficient processing is required 


GRE Apparatus | Petrol Pumps it accepts analogue signals, converts them into digital to process in digital form 
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Types 


built by US Department of 
Defence in 1960s 


‘PARAM 8000', India's 1st 


super computer was developed 


by C-DAC in 1991 


"Pratyush', India's fastest super 
computer is set up at IITM, 
Pune in 2018 


It is India's 1st multi-petaflops 


super computer which will 
improve India's weather 
& climate forecasts 


IITM 
e Indian Institute of Tropical 


Meteorology, Pune 
e it was established in 1962 & 
became an autonomous institute 
in 1971 
e IITM is under the control of 
Ministry of Earth Sciences 
e it Studies India's fundamental 
atmospheric phenomena 


World's 1st super computer was 


Esencia 


of Computers 


micro computers a micro computer is 


designed for use by a 
single user 


are the most 

in use worldwide 
till 1976, micro computers did not exist in the world 
micro computer are used by individuals & small organizations 


micro computers are the smallest, cheapest, slowest & have least storage 


mini computers mini computers have 


more Storage than 
micro computers 


are referred to 


as mid-range computers 


mini computers were introduced in the late 1960s 


mini computers are more powerful than micro computers 


they are multi use systems & can accommodate up to 200 users 


they are slower than mainframe computers, but faster than micro ones 


Summit 
World's fastest super 


computer of the day 
developed by the US 
Department of 


mainframe computers 


are the computers 


etaflops : : 
A unit of which are Energy & IBM it has 
computing more powerful a performance of 
speed equal to 200 multi-petaflops 
10 ` floating- such a computer may contain several microprocessors sec. 
point ; 
operations per hundreds of people may use a mainframe computer at a time 
second 


they are much faster & process many programmes simultaneously 


they occupy more space & are much costlier than micro & mini computers 


C-DAC 
Centre for Development of Advanced 
these are Computing 


A the largest, fastest 


nanosecond is 
one billionth & the most powerful 


super computers use 


p computers in th l lti 
second puters in the world multiple processors 
s super computers are the most expensive one also 
gigaflop 
is 1 billionth these are primarily used for complex icati 
i e of 
floating point plex typ applications 
arithmetic the super computers are primarily used for scientific applications 


operations per 
second speed of today's super computers is measured by nanoseconds & gigaflop 
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Why supercomputers? 


supercomputers 


have facilitated 


Seymour Cr. 
to do the most Z W 


complex calculations 


The Father of 
Supercomputing 


they have numerous uses in almost every field of life 


a super computer can perform trillions of calculations per second 


About 27% of the universe is 


oo supercomputers are world's most powerful, fastest & expensive computers 
made up of invisible dark matter == = 


~ 5% of the 


universe is 
supercomputers helped 


made up of 
normal matter 


Dark Matter EA 
e it is far too little visible scientists to uncover 


e it may be made up of baryonic 
or non baryonic particles 
* it does not allow energy to pass it helped us to know what happened at the birth of universe 
through it 
e it distorts light coming from 
illuminating stars 


the mysteries of universe 


supercomputers were used to simulate the formation of the first galaxy 


through supercomputers scientists come to know about dark matter in space 


it may lead to disorders like 
Alzheimer's disease, Mad Cow 
disease, cystic fibrosis etc. 


in proteins, 
Strands of amino acids 


are folded into 


complex three- 
dimensional shapes 


misfolding of a protein may lead to serious diseases 


So, it is important to know the pattern of folding of proteins 


Dark energy makes up about 
68% of the universe Blue Gene (a supercomputer of Germany) has made this possible 


besides this, folding patterns of some other proteins could also be known 


Dark Energy 
e it is a property of space 


supercomputers 


e Einstein's gravity theory makes USA has banned real 
prediction that ‘empty space' can may create nuclear tests in 1992 
possess its own energy di better simulations 
e it tends to the acceleration of Albert Binden vas 
expansion of the universe the 1s to propound of nuclear explosions 


e dark energy is something that that space is not 
counteracts the gravity empty 


this may keep the world away from real nuclear tests 


this could save us from the harmful effects of nuclear tests 


IBM'supercomputer 'Sequoia' is in use in USA for this purpose 


TE a m 


Why supercomputers? 


e data assimilation is a mathematical 
technique 

e in this, various models are developed 
on the basis of input data 

e output thus obtained is compared 
with real time observations 

e it helps in determining the optimal 
State of system & studying a system 
with higher degree of precision 

e it is applied in the fields of geology, 

climatology & oceanography etc. 


DNA 
Deoxyribonucleic Acid 


it Stores genetic information of 
almost all organisms including 
humans in coding form 


code is made up of four chemical bases 
named adenine (A), guanine (G), 
cytosine (C) & thymine (T) 


it is located in cell nucleus (mostly) & 
mitochondria (small amount) in 


human DNA consists of about 3 
billion chemical bases 


it is the sequence of DNA which 
determines the genetic information 


DNA Sequencing 


it is a process that determined the 
order of 4 nucleotides bases of A, G, C 
& T in DNA molecule 


it is crucial in mapping out the human 
genome, finding genetic disorders in 
humans and in research & 
development 


mapping of human genome 
was completed in 2003 


Vijay Pandurang 
Bhatkar 


Father of 
Supercomputer 
in India 
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with the help 
of supercomputers 


data assimilation models 


mantle occupies of 
can be used to 84% of Earth's 


study mantle deformation volume 


in future, this may help in predicting volcanoes & earthquakes 


: j ; . : . 
simulations by supercomputers may help in knowing Earth's evolution 


thus, movements of mantle & lithosphere can be predicted in a better wa 


diseases like vascular 
brain diseases, strokes, 
traumatic brain injury 


scientists have 


used supercomputers 


for mapping blood 
flows in human body 


this is significant in understanding various diseases 


scientists have made 3-D map of human circulatory system 


Example 
there are about knowing DNA 
mutations in cancer 
a lakh of cells in various tissues 
human genes throughout all stages 


of development of 
cancer 


made up of about 
3 billion chemical bases 


without supercomputers, it is impossible to map all those 


so, supercomputers have made human genome project possible 


it helps to know how DNA sequencing is related to various diseases 


supercomp uters 


play a 
critical role 


in weather forecasting >99% of 3 billion 
: 7 bases in human 
weather & climate affect almost every aspect of life DNA are same in all 


it is significant to adapt to constantly changing weather patterns 
weather phenomenon is very complex & is a function of multiple factors 


supercomputers could provide more accurate weather forecasting solutions 


E aa N on I NE NN 
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Magic Dust 


Bose-Einstein Condensate 


magic dust 
is made from 


quantum particles 


known as polaritons 


polaritons are half dust & half matter quasiparticles 


scientist 
have discovered 


A- no Bose-Einstein Condesation 
C - Bose-Einstein Condensation took place 


Bose-Einstein Condensate 


* it is a fifth state of matter 

* it is a group of atoms cooled to 
‘absolute zero' 

* at this temperature, atoms don't have 
any energy for relative movement 

* they Start behaving as a single atom 


Absolute Zero - s 


* it is a lowest degree of temperature at 
which the atoms stop moving 

* the colder an object is, the slower the 
atoms move 

* it is temperature of 'zero' kelvin or 

minus 459.67°F or minus 273.15°C 


the use of magic dust 
in supercomputers 


future supercomputers will be based on magic dust 


magic dust will power supercomputers for optimal solutions 


minerals include gallium, 
arsenic, indium & 
aluminium 


beam of laser 


this way, the polaritons 
are produced 


at Stacked layers 
of atoms of some minerals 


produces magic dust 


electrons in atoms absorb light & emit a specific colour 


in polaritons electrons & light waves co-exist in quasiparticles 


Supercomputers 
based on magic dust 
as said above will be able to solve 


¢ such more complex 
about 0.0019% has potential not have solution 
* is a metal which is primarily used in | of Earth's crust today 


POTE Y to power supercomputers 
electronic circuits, LEDs & p 


semiconductors 
* it is never found as a free element, 
but found in trace amounts in various 
compounds 


such computers may run greater number of calculations 


so, these computers will be more efficient than the classical ones 


this will make future supercomputers faster and save energy & power 


it is a lustrous silvery metal, 
very soft & malleable; it is polaritons are lighter than electrons 


found in trace amount in 
various compounds 


they may form Bose-Einstein Condensate 


they are hybrid particles made of light & matter 


Computer System 
- its basic structure 


Structure of a 
computer system 


indicates the way 
the various components 


are interrelated 


computer interacts with its external environment 
using various peripheral devices or communication lines 


Peripheral devices Communication network 


‘COMPUTER SYSTEM - BASIC STRUCTURE tains all these components 
COMPUTER SYSTEM - BASIC STRUCTURE so, structure of a computer system con 


CPU, memory, I/O & interconnection are main components of the structure 


Various input devices used for input of 
information in a computer system 


it refers to 


e keyboard e mouse e joystick e light 


: a cycle CPU 
pen escanner e microphone e track ti Central 
ball e magnetic ink card reader (MICR) representing x i 

: ocessing 
e track ball optical character reader input, processing, Unit 
(OCR) ebar code reader œ optical mark output & storage of data 
reader (OMR) e graphic tablet e webcam ] 
it represents the four basic tasks of any computer 
the four tasks are not necessarily be performed in a sequence 
input instructs 
computer what to do 
E 
mci rid : it refers to 
Stored for use in , PROCESSING UO 
ve J ; obtaining information Input-Output 


STORAGE bá processing 
iN “converts data to 


« OUTPUT KÁ information 


from the world outside 


ep in the IPOS cycle 


^ input of data is the first st 
information output so that ¢ 


user may see results data is input into the computer through various devices 


data is input in the form of numbers, letters, images or voice 


IPOS Cycle 


data input stage involves data after the 
collection, data capture, data is input 
encoding, data transmission 


Input stage 


it is processed 


& data communications 


processing stage involves inside the computer 
Processing | performing instructions & 
Stage transforming raw data into 


information computer processes data as per the given instructions 


it is totally an internal process of the computer 


various data are processed in the CPU for a desired output 
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Computer System 


- its basic structure 


Computer 


the output 


is a post- 
processing step 


in computer system 


it refers to the result of processing of raw data 


Storage refers to 


saving 
of information 


for long-term purpose 


information is stored in soft form or physical form 


Storage can be done in/on various devices made for the purpose 


* Control Unit this includes 
registers & 


decoders 


connecting a computer 


Control Unit with one or 


more other computers 


Structure of a Computer computer communication network is very significant 


it may be LAN, MAN, WAN, wireless or internet network 


Various output devices of a computer 


interruption is 


s externally to the 
programme iS a computer by the 
* monitor eprinter e3-D printer list of instructions operator or I/O devices 


e Braille reader e GPS espeakers e connected to the 


head/ear phones projector that perform a task machine 
— various output devices are peripheral 


devices 


programme is stored in a computer in programme memo 


computer is controlled by the stored programme except interruption 


Various storage devices of computer 


bus structures are 


e inbuilt hard disk e external hard disk lines that serve 
e pen drive e micro SD card e CD a connecting path 
e registers e floppy diskette e magnetic 
strip e blue ray disk * cloud storage 


A Bus Structure interconnecting functional units 


for several devices 


a bus has lines for addresses & control p poses also 


i OO SS 
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VO Units 
Control 
Memory <> hardware refers to 
| 
$ the physical 
R components of 
ALU <> : 
Data a computer system 
transfer it is a group of all parts that have physical existence 
Us components of a computer hardware are discussed hereunder 
Unit - -— 
Function of ALU CPU is known as the 


itisa 


brain of the computer 
—— 


Microprocessor 


it is an integrated circuit carrying electric 
charge 


processing unit 


inside a computer 
it is called Central Processing Unit (CPU) also 


the CPU processes the raw data inside a computer unit 


it incorporated core functions of a CPU it manages the data on the basis of a given set of instructions 


it is a programmable chip which 
processes binary data & gives output 


it facilitates 


RAM or ROM are 
primary memory units 
of a computer 


MICROPROCESSOR the transfer 


of data between 


ALU 


Output 
Device 


Input 
Device 


ALU & microprocessor 


Control Unit the control unit serves the instructions for ALU 


: it receives various instructions stored in RAM or ROM 
Register Array 


through those instructions, the control unit runs the computer 


contr 


ol unit sends results from ALU in primary memory to output 


Random Access Memory 


Read-Only Memory 


arithmetic logic unit 


is a fundamental 


building block in the APN 


is mainly a 
digital circuit 


it is represented in the combinations of 
'zeroes' & 'ones' 
li mdr eS 
computers can understand & execute 


binary data only 
Dna EN ca ann fco Aro E 


it is considered as a native language of 


the computer 


ien 1 o A NÉS oet 


CPU of computer 


it performs various arithmetic & logic operations 


ALU 
loads data from 
input register, performs 
operation & stores the 
result in output 
register 


it is a small amount of storage in CPU 


there may input registers or output registers 
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i. RAM 
T fM itis random Random Access 
iS eae accessible memo Memory 
M E of a computer 
RAM ROM so, RAM is a type of data storage temporaril 
1 " f + temporary, because it went off when computer goes off 

DRAM SRAM  MROM PROM EPROM there are two types of RAM - Dynamic RAM & Static RAM 

Classification of Computer Memory 

ROM is a ROM 


pe of memory Ree Quy 
Dynamic RAM (DRAM) ; À sont Be 


that is non-volatile 


it loses information with time therefore, unlike RAM, ROM is permanent in nature 


so, it is required to refreshed after every ROM is a read only memory & it is not possible to write on it 
few milliseconds 


in ROM, the information is stored permanently during its manufacture 


it is a common type of RAM that is used 


it Stores such instructions that are required to start a computer, i.e. bootstrap 
in PCs, workstations & servers Wem. 


it Stores each bit of data in a storage cell 
consisting of a capacitor & a transistor 


the very first 


ROMs were 


Static RAM (SRAM) the Masked ROMs 


these contain pre-programmed set of instructions 


it need not be refreshed frequently 


it retains data bits in its memory so long 
as power is supplied 


therefore, PROM chip can 
be programmed only once 
& it is not erasable 


this memory 


it provides faster access to data than 


can be modified 
Dynamic RAM & is more expensive 


only once by a user 


| it is used for a computer's cache memory 


user enters desired contents in it using PROM pro grammer | 


in PROM chip, there are fuses that are burnt during programming 


content on it 


Cache Memory 


it is called CPU memory also 


id 
i | 
i 
3 


"Progress Read Only 
b d -PROM M. 
can be accessed quickly by a microprocessor Ca OC nes emory 


it is to store programme instructions & 
data that are used repeatedly 


using ultraviolet light EPROM |. 


during programming, electrical charge is trapped in this 


therefore, for erasing the charge, it is exposed to ultraviolet li 


ght 


EE e ———— — 2— 


chnology 
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it is electronically 
flash memo erasable programmable 
read only memory 


unlike RAM, is 


non-volatile memo 


Dr. Fuji Masuoka 
Memory Guy & Father of Flash Memory 


it can be electronically reprogrammed & erased 


) it does not require continuous power to retain data 
He is a Japanese who developed 


Flash Memory in 1984 


it is called so because it can erase block of data in a flash 


—— M ——— M ———— 


Features of Flash Memory 


it is more expensive than magnetic 


the two transistors are 
separated from each other 


it has a grid of by a thin oxide layer 


columns & rows 


Storage, but less expensive than EEPROM Electrically 
——————————— Erasable with a cell - 
unlike Static RAM, it does not require Programmable 


Read-Only | the cell has two transistors at each intersection 


batteries for solid-state storage 
Memory 


one of them is called 'floating gate' & the other 'control gate' 


it is non-volatile & has very fast access ; 
time floating gate links to the row (worldline) through the control gate onl 


= the content from flash memory can be erased by sending the negative current 
it has a higher resistance to kinetic shock 


compared to Hard Disk Drive 


j«———— s | Gate 
itis very much durable & can withstand Gate Oxide 


i Floating Gate 
| 1 Oxi 


extreme temperature & intense pressure there are 


Tunnel Oxide 


Channel 


two types of 


in flash memory, everything is electronic 


instead of mechanical flash memo 


they are NAND & NOR flash memories 


Substrate 


it has no moving parts, so it is noiseless 


= Uses of Flash Memory both 


it is used widely in digital cameras, laptops, 
mobile phones, personal digital assistants different Structures 
(PDAs), digital audio players like MP3 & 

solid-state drives, printers NAND flash memo 


to read from NAND, contents 
are first paged into memory- 
mapped RAM 


pes of 


flash memories have 


is accessed much like block devices 


in this NAND type, presence of memory management unit is essential 


was developed by 
Toshiba in 1989 


it is able 


to read individual 


flash memory cells 


in this respect, it behaves like a traditional ROM 


Xa occ LOU ^ M IMEEM MI LE 
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keyboard is a 
peripheral device 


in a computer system 


keyboard 
‘QWERTY ' is 
named after 


the six letters 
on top left of 
the keyboard 


Christopher Latham Sholes 


it enables users to input data into a computer 
newriter machine 


the man who invented 
QWERTY keyboard 


pattern of keyboard is based on 


QWERTY is the most keyboard used for input in English 


mouse is an 


important device 


Douglas Engelbart 


the man who invented that controls cursor 


Mouse in 1963-64 mouse is an input device with round ball at its base 


signals are sent to the CPU with the press of mouse buttons 


=~ 


a joystick can be 
moved in all four 
directions 


like mouse, 
it is used to move 


the position of cursor 


on a monitor screen 


it is a Stick with spherical balls at both of its ends Joystick 


it is mainly used in Computer Aided Designing & games 


light pen is another light pen works 
with CRT-based 
me monitors only, not 
similar to a pen with LCD screens 
or projectors etc 


input device which is 


it is a pointing device used for digital signatures 


Charles Babbage 
the Father of Computer 


He invented the digital 
programmable computer 


it is also used to draw pictures on a computer screen 


it has a photocell & an optical system placed in small tube 


a ball in track ball is 


half inserted 
an input device 


£ that is used 


(1926 mmm 1952 w- 1955 w-- 1963 => 


NGS 


E instead of a mouse 
Joystick Trackball Light pen Mouse pointer can be moved by moving fingers on the ball 


Track Ball 
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scanner is 
another important 
input device 
Scanner 
it capture information from a printed paper 


the captured information is transferred to the computer 


Russel A. Kirsch 


the man who built drum 
scanner in 1957 


this information can be seen on computer or manipulated further 


digitizer converts 


the one who created the analog information P 


Todd Rundgren 
first colour graphic tablet , T 
software for PCs into digital form 


: : ; Digitizer 
it converts signals from TV/camera into numbers E 


the first graphics tablet resembling 
the contemporary tablets was 
developed in 1957 


the numbers are stored & used by computer to form picture 


a digitizer converts the graphics or pictorial data into binary inputs 


ez 


microphone is 


another input device 


Emile Berliner 
the one who invented 
carbon-button microphone 
in 1876 


Various types of MICR fonts 


there are different types of MICR fonts 


in a computer system 


Microphone 


sound input by microphone is stored in digital form 


it is used for mixing music or adding sound to presentations 


reading process by MICR 
is called Magnetic Ink 
Character Recognition 


the device is 


MICR E-13B is used in Canada, UK, USA 
& India used to read 
documents written in 
MICR CRC-7 is used in France, Mexico, magnetic ink that 


is machine-readable 


Spain etc. 
Magnetic Ink 


Character Reader 


MICR 13-B was chosen by George Jacobi such MICR devices are generally used in banks 


bank cheques bear number & bank code in magnetic ink 


| 


particles of magnetic material like iron oxide zm ge . : 1 
i optical character reader reads printed text n 
it is used to make characters readily read into it scans the text optically, character by character 
a system even when they are overprinted or E y OCR 
then converts it into a machine readable form & stores it Optical Character Reade 


Magnetic Ink is an ink which contains 


overwritten 


Computer Hardware 


this device is 
used for reading 
bar coded data 


this data is visible in the form of dark & light lines 


John Ericsson 


the father of computer 
monitor 


it is generally seen on various articles of use, books etc. 


| 


TS NS 


CRT is a high vacuum tube in which 
cathode rays produce a luminous image on a 
fluorescent screen 


Multiple Type Question 


optical scanner 
which recognizes 


OMR is an 


these are used in computer monitors & TVs 


cathode ray is a beam of electrons in a 
vacuum tube that travel from -vely charged 
electrode (cathode) to *vely charged 

electrode (anode) 


marks made 
by pen or pencil 


it is used for checking MCQ answersheets 


LCD - Liquid Crystal Display older monitors use 


CRTs & the modern 
ones use LCDs 


TRE 
ASA 
ATA Co 
D 
TL 
B 
E 
dim Nic 
VAY 


it is the technology used for display in monitor is 
notebooks & smaller computers 


an output device 


LCD technology displays are much thinner in a computer system 


than CRT technology displays it enable a user to see the inputs in a visual form 


in this technology, liquid crystal is used to computer monitor is known as visual display units also 
produce a visible image 


it contains display device, circuitry casing & power supply 


in LCD, light is projected from a lens on a k qus 
layer of liquid crystal ERA sas 


combination of coloured light with it is a system 
grayscale image of crystal forms a coloured 


; di o dae that converts 
images which is displayed on the screen 


Stored data directly 


LCD works on the principle of blocking 
light rather than emitting light 


into a microfilm 


Computer Output Microfilm is an output device 


| 


through microfilm scanner, COM is converted into digital 


it is a motor disability in childhood 


it affects one's ability to move & control 


speech generating devices are electronic devices 
balance & posture 


SGDs produce voice for children with cerebral palsy 
in this, the muscles become stiff & the UU fis INO EA itate wath Do / 
movement is affected ough this they can communicate with family & friends 
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Bar Code Reader 


it scans bar codes and converts those into alphanumeric value 


OMR 
Optical Mark 
Reader 


Monitor 


Computer Output 
Microfilm 


Speech Generating 
Device 


——— — — ———————— —————— R — . 
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Hiroshi Tsamu Shuki 
Amano Akasaki Nakahmura 


user's first interaction 


in response 
to the output is 


ter Screen Technolo 


monitor in computer system is computer screen 


B ooo EB user's input appear on the screen in the form of output 


CD, LED & TFT are the types of computer screens 
—— | -Colour Graphics 320 x 200 
cA 


The trio who won Nobel Prize in 2014 
for the invention of blue LED 


clarity of screen 
depends on the 


a computer screen resolution & 

BGA -Enhanced Graphics 640 x 350 1 resolution depends 
_ Adapter pixels used for display on pixels; the 

VGA Video Graphics 640 x 480 is divided into dots higher the number 
Array pixels of pixels, the 

3 dots are illuminated individually on the screen higher will be the 


resolution 


maj = Super Video 800 x 600 or 
Graphics Array 1024 x 768 
LED Monitors - Advantages 


images with higher contrast are produced 


each dot represents a picture element called pixel 


resolution depends directly on the number of pixels 


less environment impact as they consume less 


electricity & produce less heat while running several colour 


screen standards 


Thin-Film Transistor 
Liquid Crystal Display 
Cathode Ray Tube 


CGA, EGA, VGA & SVGA are such standards 


LED Light Emitting Diode 


o LED monitors are economical 


than LCD & CRT as they 
CCFL Cold Cathode Fluorescent 


more durable than LCD or CRT monitors are relating to 


the only DISADVANTAGE is that they are the resolution 


more expensive 


TFT Monitors - Advantages 


less energy consumption : 
zd j LED monitors are 


sharper visibility & no geometric distortion slightly curved 


or flat panels consumer less power 


very less response time taken by TFT screens 


in these, LEDs are used for back lighting 


save space as they can be placed virtually 
anywhere 


LED monitors do not use CCFL as in LCDs 


transistor can be 
switched on & 
off more quickly 


Why TFT is known as 
Active Matrix Display? 


the transistors which control pixels are printed 
on a thin transparent film; the transistors, which 
trigger pixel illumination, can be switched on & 
off more quickly; passive matrix does not have a 
transistor at each pixel 


TFT is known as 


Active Matrix 
Display also 


so, TFT display is more responsive to change 


Computer Hardware - 
CRT vs. LCD technology 


CRT monitor 


Karl Ferdinand Braun 


the founder of CRT technology 
he won Noble Prize in 
Physics in 1909 


is much larger 


this is because 
of Cathode ray tubes 


LCD monitor is much thinner than a CRT one 


dead pixels cause small 
black or coloured dots 
in display 


a CRT monitor 


G H. Heilmei 
eorge eilmeier does not have 


the founder of LCD technology 


any issue of dead 
he was an engineer 


from America whereas an LCD monitor has issue of dead pixels 


viewable area is 
measured diagonally 


a cathode is the metallic electrode across the screen 


through which current flows out in a 
polarized electrical device 


CRT monitor 
causes viewable area 


it got its name from cation (a positively 
charged ion) 


in a device that uses electricity, the 
cathode is the negatively charged 
electrode 


dead pixel is a phenomenon related with 
Liquid Crystal Display (LCD) 


if an image is left on 
CRT screen for few days 


it may burn to 
create a ghost image 


to appear on the screen 

it is a picture element in which all three 

RGB (Red, Green & Blue) sub-pixels are 
turned off permanently 


whereas this does not happen in case of LCD monitors 


so, this creates a black spot in the 
display & this is called dead pixel 


because of low 
screen refreshing rate 


What is ghosting on screen? flicker may 


appear on the screen 


ghosting is a phenomenon where the 
image on the screen follows itself around 
or blurry at the edges 


in case of CRT monitors 


this problem does not occur in case of LCD monitors 
it is a cloud like phenomenon which 


Menon the scree LCD monitors have higher refreshing rate than CRT ones 
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Robert Howard 


the person who invented 
dot matrix printer 


Inkjet vs. Dot Matrix Printer 


Printing of characters 


an inkjet printer sprays liquid ink on 
paper through microscopic nozzles 
wheras in dotmatrix, pins/keys are 
pushed against ink soaked ribbon 
to paper 


Printing Speed 


inkject printerhas faster speed of 
printing in comparison with dotmatrix 
printer 


Quality of Printing 


in inkjet printers, printing quality 
remains good in comparison to that of 
dotmatrix printers 


inkjet printers are more compact & 
smaller in size whereas the size of dot 
matrix printers is comparatively larger, 
though compact sized dot matrix 
printers are also available now 


ink of inkjet printers is expensive, ink is 
not waterproof and nozzles are prone to 
clogging 


dot matrix printer is an 
example of impact 
printer 


which were 
used earlier are 


such printers 


most common 
in used today 


these printers use ink stored in a cartridge 


the ink is sparayed on paper to print a character 


inkjet printers & laser printers are non-impact printers 


it produces 


a hard copy 


by spraying ink 
onto a sheet of paper 


Inkjet Printer 
in this, the print head has many small nozzles 


nozzles spray ink when paper moves under the head 


this way, characters & images are formed on a sheet of paper 


in dox matrix printers, the maintenance 
cost is high, printing runs slow & it 
makes noise also 


uses colour waxes & heat 


images are poduced on special paper 


Thermal Printer 


colour prints 


are used to create high- 
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IBM 
introduced 


laser printer 


Paper Exit 
is a printer the 1st laser 
rit printer in 
Photoreceptor ; atch is of oe 


non-impact catego 


laser printer has a toner containing a special powder 


laser beam burns the powder to create a permanent image on page 


selenium coated, positively charged, nhotoconductive drum is used in these 


postscript & printer 
control languages are 
two printer languages 


printer languages 


are used 
for commands 


to printer from computer 


outline fonts are scalable fonts where outlines 
of each character are geometrically defined Adobe developed 


printer prints documents according to such commands 


this printer language 


printer or other display devices can generate 3 
the characters of any size in the year 1985 


in this, programmatic constructions are used 


the popular languages of outline fonts are 
Post Script & True Type 


B M 


it is the creation of digital images through a 
sequence of commands or mathematical : 

it was developed 

Statements 


this is to describe the appearance of a printed page 


it introduced features like outline fonts & vector graphics 


for dot matrix 


the commands & mathematical statements & inkjet printers 


place lines & shapes in a given 2 or 3 
dimensional space by Hewlett Packard 


it commands computers for printing documents 


in this, the escape key begins the command sequence 


TUIS 


economical to expensive to 
operate operate 


better print quality | blurry print problem 


this sequence is then followed by a series of code numbers 


printer use fonts inbuilt (resident fonts) into their hardware 


additional fonts (soft fonts) can be added by inserting font cartrid ge 


resident fonts cannot be erased/deleted thou gh soft font can be erased/deleted 
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See Soe a er projector is 


an output device 


in a computer system 


it reproduces computer images onto a screen/surface 


images as videos 


[00u09 STal 


it can produce either still (slides) or movin 


Carousel projector was 
developed in 1961 by 
Kodak company 


+ 
Image Data 


Eadweard Muybridge 
- a British photographer who 
invented the first movie 


projector zooproxiscope 
in 1879 


DLP digital projectors are 
used in theatres due their 
high quality displays 


David Hansen 
- the person who got 
patent of carousel image 
project in 1965 


Gene Dolgoff 


- the person who created 
the digital projector 
in 1984 


& can provide better 
quality crisp projections 


therefore, an DLP 


S 


an analog standard a digital Standard 


for video signals for video & audio 
only signals 


the cable used is either HDMI cable or VGA cable 
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Reynold Johnson 


the Father of Hard Disk Drive 


he led the IBM team that developed 
Hard Disk first time in 1956 


it is called so to distinguish it from floppy 
disk drive which is a soft device 
hard disk is less portable as compared with 
floppy disk 


How is information stored 
on Hard Disk Drive? 


a hard disk consists of a number of platters 


the data is stored in an orderly pattern on 
each platter 
bits of data are arranged in circular paths 
which are called tracks 


each track is further divided into sectors 


oO rrr 


Alan F Shugart 


the person who contributed to the 
development of floppy disk 


though the patent of floppy disk drive was 
issued in 1972 in the names of Warten L. 
Dalziel, Jay B. Nilson & Donald L. 
Wartner 


IBM introduced the first floppy diskette 


—__——_ aaaaaaaaaaaaaaaaaaasaaasasamasaasaaauassassmsmstslie 


Flash drive is a small, ultra-portable storage 
device & includes like pen drive, thumb drive etc. 


Bias oe Gas ee 


hard disk drive 


pen drive is a 


it is a plug-n-play USB flash storage device 


Hard Disk Drive is a 
secondary storage 
device 


» 


is a storage device 


used to Store 
information in computer 


the information can be either a software or some files 


it is a magnetic disk , non-volatile computer storage device 


Two different sizes of Floppy Disk : 
floppy disk is 


a small, portable 


Stores data up to 1.44 MB 


it consists of a thin & flexible magnetic disk 


Storage medium 


CD is another 


information 


: CD-ROM 
Orig device is used to store 
in a computer system computer 
data 


CD is able to store audio, video or computer data 


data stored in CD-ROM can be either read or played only 


unlike the initial versions of CD, now a user can even record on it 


James Russell 


à ay the person who invented 
DVD is an CD in 1960 
optical disk 


storage medium 


Warren N. Lieberfarb 
the father of DVD who 
invented it in 1990s 


like a compact disk 


it Stores more data with high quality audio/video formats 


Dov Moran 


pen like small the man who invented 


Storage device USB flash drive in 1996 


Stores data up to 1.2 MB 
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Computer Hardware, Computer 
Generations & Units Used in Computer 


Input Devices 


ER] 


Keyboard Joystick 


Output Devices 


Monitor Printer Projector 


Speaker 


Five 
Generations 
of Computers 


transistors replaced vacuum 
tubes; computers became 
smaller, faster & cheaper 


era of integrated circuit; 
transistors were placed on 
silicon chips 


era of microprocessors; IBM 
introduced 1st computer for 
home users in 1981 


1971 to 
present 


based on Artificial Intelligence; 
still in development phase; 
quantum computing & 
voice recognition 


% E 
| E 
D 
Microphone Trackball 


F Q 


Graphic Tablet Webcam 


Light Pen Scanner 


JE 
OMR 


Storage Devices 


Floppy Disk Compact Disk 


Units used 
in Computer 


[ire | ere 
Ce NENUNSNCIM 
Om | e [ize | em 
En 


* a byte consists of 8 binary digits (BITS); each of BITS 
consists of '0' or '1'; bytes are the smallest operatable units of 
Storage in computer technology 


* UNIVAC - Universal Automatic Computer 


* ENIAC - Electronic Numerical Integrator And Computer 


Esencia : Science & Technology 


Computer Software 


3 types of 


Computer Software software/pro 


are instructions 


that enable a 
computer to function 


System Programming Application 


RA TUNE SOIN perform specific tasks 


softwares enable computers to 


puter's storage & the computer executes it 


it is loaded in com 


VS S ten x e 
 Sydem som Yes Examples of 
: system software 
mns BIOS; BOOT; 


Watts S. Humphrey computer's hardware Assembler; Device 
Driver 


& application software 


an American Engineer known as the 


Father of Software Quality it is an interface between hardware & user applications 


Operating System (OS) is one example of the system software 


it helps 
a programmer 


Examples of 
programming 
software 


compilers, 
another software debugger, 


Gary Kildall 


an American computer scientist 
who is known as the 


Father of PC Operating Sysiem 


What is Booting in computer? 


a series of steps that a computer takes 
place after it is turned on is called booting 


to develop 


assemblers etc. 


it is known as software development tool also 


some people consider it as a sub-type of system software 


Application 
softwares are 
to perform word processor; 


it helps the user 


database programs; 
CAD; antivirus 


it consists of a sequence of operation that a 
computer does from it is Started on till the 
Operating System is loaded this software is called end-user proramme also etc. 


the desired task 


such software is developed to do some specific task only 


the first step of the boot process is 
controlled by the BIOS (Basic Input Output 
System) & it begins after the POST (Power 
On Self Test) 


it helps to manage 
POST is the initial set of diagnostic tests 
performed by the computer once it is 
powered on; this is to check any hardware 
related issues 
erii iri ae ia tit a te a 


the hardware of 


Computer Aided Design 


between hardware & software 


a computer system 


it establishes relationshi 


it even provides a platform to run various software rogrammes also 
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Computer Language 


Computer Language 
computer language 
Low Level Language is a language 
used to instruct & 
transmit data to computer 
. Machine Assembly languages are used to instruct computers to do specific tasks 
Language Language a computer language is either a Low Level or a High Level language 
High Level Language 


this language is 


a programming language 


which deals with 


GC “CH * -COBOL BASIC hardware components 


r : etc. 


these languages are the 1st & 2nd generation languages 


it is the first 
generation language 


Machine language is 
known as Binary 
Language also 


Dennis Ritchie used to 
uy "1! 
the founder the UNIX & give instructions x x 
3 are ca inary 
C programming language to the computer digits 


it is written in machine code into binary digits 


CPU is given human 
readable instructions in 


this language is 
this language 


James Gosling the 2nd generation 


a Canadian computer scientist - 
the founder of JAVA programming 


computer language 


in this, words/symbols are used instead of binary digits 


T 
MEA 


ES High level 

E programming 
high level languages languages 
are the 3rd generation uct 


* COBOL 


computer languages * FORTRAN 
Gottfried Wilhelm Leibniz * BASIC 


the inventor of modern Binary these are the most widely used languages of the da * PASCAL 


i ; : : * Algol e Prolog 
Number System in 1689 they are written in English language & are more user friendl e Ada Java 


NIE E UE SS ERREUR a translator converts high level languages into a machine lane uage 


There are 4th generation languages that are used for accessing database using commands & Sth generation languages also that are used for Al 
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Grace Murray Hopper 


an American computer scientist 
who discovered computer bug 
in 1945 


She was an officer in US Navy 


Fred Coehn 


the man who Ist coined the term 
computer virus in 1983 


Kevin David Mitnick 


- an American 
& the Ist computer hacker 


Spyware 


a software installed on a computer 
without the knowledge of end user; 
its purpose is to track user's 

browsing activities 


Trojan 


is a malware disguised in user's 
computer as a genuine software; 
hackers use trojans to harm users' 
systems & delete hard drive data etc. 


the Ist recognized computer virus 
the 1st PC virus found in the wild 
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computer bug a computer bug 

may cause a 
program 

in a software program unexpectedly quit 

or behave in an 
unintended 


is a coding error 


therefore, it is referred to as software bug also 


it leads to unexpected or incorrect results/outcomes manner 


a bug may trigger a chain of errors with rippling effects 


as already Stated 


it causes a program a bug is a 
to behave unexpectedly logic error which 
can be fixed by 
leading to debugger - a 
uninteded results development 


tool 


a bug may cause a program to hang or crash even 


hore 


a computer virus 


is a malicious 


a virus spreads 
software program through sharing a 
network a disk, 
pen drive, 
infected e-mail 


it is loaded onto a user's computer intently 
though user does not have any knowledge of it 


as it enters into a computer, it fastly replicates itself attachments etc. 


it enters into other programs, files & data to destroy those 
zT = 


a malicious software various threats 


to computer 
safety include 
viruses, spyware, 
trojans, worms 
etc. 


that infiltrates into 
& damage computers 


without the 
consent of the user 


it is used for various types of threats to computer safety 


à weakness in computer system 


hacking is used to commit frauds, invade privacy or steal data 


unethical hacking with malicious intention comes under the cyber crime 
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Computer Software 
- Antivirus Program 


Timeline of Computer Virus 


antivirus software 


"Elk Cloner' - the 1st externally is designed to 
released virus which infected 
Apple DOS 3.3 computers 


& spread via floppy disk 


83 the term ‘computer virus' coined 
19 ` by Fred Cohen 


computer virus 'Brain' emerged 
from Pakistan & it is a 'boot 
sector' virus 


1987 the first 'file' viruses appeared 


virus 'Friday' released; ARPANET 
worm appeared; 'cascade', the first 
encrypted virus, appeared 


TM trojan 'AIDS' appeared which 
demands payment for removal . 
appearance of antivirus software - 
‘Norton' antivirus appeared 


"Tegila', the 1st widely spread _ 
=- polymorphic virus appeared 


polymorphic virus is one which changes its 
appearance as it spreads 


the 1st major virus hoax 'Good 
Times' emerged 
the 'Melissa' virus infected 
thousands of PCs 
the virus 'I Love You' infected 
millions of PCs 


worm 'Code Red' infected 
thousands of Window NT/2000 
200] | $ 
servers causing damage of ~$2 


it protects computer from viruses & other malware 


the top 5 


computer 


antivirus program 


viruses in 2017 


rotects a malware e Conficker 


; e Stuxnet 
from entering 


into the computer 


e Wannacry 
e Petya 
* Eternal Blue 


it detects already existing malware into the computer 


then fixes the problem by removing any malware infections 


Cees 


antivirus software Polymorphic 


virus is one 


which changes 
its appearance 
while it spreads 


a background process 


a user may run scan process anytime s/he so wants 


or user can schedule scans for running them automaticall 


antivirus software scan directories or files to detect & fix a virus 


there are different virus detection techniques which are discussed below 


signature-based antivirus 
cannot detect any new 
malware 


billion 


worms 'Slammer' & 'Blaster' 
appeared 
2007 "Storm worm! appeared as bad 
-:- weather news in Europe 
"Chernobyl Virus (CIH)' triggers on April 26 


every year - the day of Chernobyl Nuclear 
Disaster; it paralysis the entire computer 


software analyzes 


an object's behaviour 


for suspicious activities 


on this basis, the software infers any malicious intent 
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What is Computer Networking? 


Computer Networking refers to a set of computers connected together for the purpose of sharing information & other resources. It is 
interfacing between two or more computers to share data and it involves combination of hardware & softwares. 


Types of Computer Networking 


in LAN, computers are grouped together 
across short distances; it includes an inter- 
connection of workstations or personal 
computers 


Wide Area Network 


Headquarter 


connects computers together across longer 
physical distances, i.e. across various cities; 
internet is example of WAN 


Virtual Private Network 


it is a private network across internet; it 
allows users send & receive data as if they 
are connected to a private network 


Wireless Local Area Network 


WLAN makes use of wireless network 
technology such as WIFI; in this, devices 
are linked to network without cables; data is 
shared through high frequency radiowaves 


connects shared pool of storage devices to a 
number of servers; in this storage resources 
are moved away from the network 


Passive Optical LAN 


IP 
A 24 Optical Line 


Terminal 
VoIP 


-— 
splitter 


it is an alternative to traditional switch- 
based Ethernet LANs; POLAN uses splitter 
to split an optical signal 


u = 


Computer Hub 


is used for relatively local network designed 


Metropolitan Area Network 


O- 
5 


MAN is larger than LAN but smaller than 
WAN; elements of both LAN & WAN are 


incorporated into it; it spans over an entire 


geographic area like a city/town etc. 


System Area Network 


Host Ethemet 


to provide high speed connection in 
server-to-server applications 


Enterprises Private Network 


the networks which are built & owned by 
businesses (corporates); they securely 
connect their various locations 


IP - Internet Protocol; VoIP - Voice over Internet Protocol, CATV - Community Access Televisions; ONU - Optical Network Unit 
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SpiNNaker 


Steve Furber 


a scientist of University of 
Manchester in UK 


who first conceived the idea 
of SpiNNaker 


Why is it called 
SpiNNaker? 


SpiNNaker mimics the communication 
architecture of the brain 


biological neurons in nervous system 
communicate primarily by emitting 'spikes' of 
pure electro-chemical energy 


What is Biological Neural 
Network? 


a large network of interlinked neurons in 
human brain 


this network acts as a super highway for 
transmission of information from one point 
to another 


different sets of neurons are used for sending 
different kinds of information 


Basal Ganglia 


a group of neurons located in cerebral 
hemisphere of the brain 


its dysfunction is related with a number of 
disorders that influence movement including 
Parkinson's disease etc. 


Basal Ganglia 


SpiNNaker is 
world's latest 
supercomputer 
it is a Spiking Neural Network Architecture machine 
the machine can complete above 200 million actions per second 


SpiNNaker is designed to work in the same way as does the human brain 


SpiNNaker 
is so large that 


ten year 
in construction each of its chips 
has 100 million 


transistors 


& 20 years in 
development of concept 


SpiNNaker building process has taken 15 million in funding 
the machine has been designed & built in the University of Manchester 


now, SpiNNaker's power has been harnessed to control a robot called SpOmnibot 


SpiNNaker 


works more 
like a brain than a 


conventional computer 
it mimics the communication architecture of the brain 


& so, can send parallel information to multiple destinations 


it is able to model highest number of biological neurons in real time 


it will help 
neuroscientists 


to better understand 
how human brain works 
SpiNNaker can run extremely high real time simulations 
it has even simulated a region of the brain called 'Basal Ganglia’ 
Basal Ganglia is an area of brain that is affected by Parkinson's disease 


so, SpiNNaker has large potential for neurological breakthroughs in science 
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A 
Vint Cerf 
known as the 'Father of Internet' 


he is the architecture of internet & 
co-designer of internet protocol 


Joseph Licklider 


the person who envisioned the 
internet of computers globally 


* a society founded in US in 1992 

* it was founded by people involved 
with Internet Engineering Task Force 

* it provides leadership in internet- 

related Standards, education, access & 

policy 


Internet Engineering Task Force . 


* is a premier Internet standards body 

* the body develops standards to make 
Internet better 

* it consists of the network designers, 
vendors, operators & researchers 
concerned with the Internet 


* intranet is a private network within 
an organization 

* it is the smallest type of network 

* it may consist of various interlinked 
local area network even 

* it is based on Internet technology 


Bob Kahn 
the person who developed 


TCP/IP alongwith 
Vint Cerf 
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a system with 
the help of which 


a computer 
can be connected 


to any other 
computer in the world 


it is used for connecting all computers over the world 


computers are connected through satellites, microwave devices 


it was 
JCR Licklider 
FNC 
who envisioned the Federal 
- : Networking 
interconnection 7 
Council 


of computers globally 
Internet is always in evolution from ARPANET till data 


the actual term 'Internet' was coined in the year 1995 by FNC 


ARPANET was 
introduced in 1969 


ARPANET was 
later divided into 
ARPANET (for 


by networking of 
computers at three locations 


general public) & 
MILNET (for 
military use) 


it was started in 1969 by the US Department of Defence 


it is a set 
of protocols 


which governs 
communications 


among computers on Internet 
it dictates about packaging, sending & receiving information 
TCP/IP was developed in 1978 & was driven by Bob Kahn & Vint Cerf 


it is a combination of two - Transmission Control Protocol & Internet Protocol 
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Internet & related 


of rules for 


Insecure Connection 


= Normal HTTP 


for sending 
& receiving data 


on the internet 


each computer on Internet has a unique IP address 


it allows various devices to communicate with each other 


=> 


Encrypted Connection 


User = Secure HTTP 


it provides basic instructions for transferring data on internet 


domain name is an address using which an 
internet user can access a website/webpage 


TCP isa 


connection- 


every computer has a unique IP address : 
oriented protocol 


which is a large set of digits & not easy to 
remember while IP is a 


connectionless protocol 


TCP Transfer Control Protocol 


it is important & offers end-to-end packet delive 


therefore, domain name is used which is 
expressed in letters of alphabet & so, is easy 
to remember 


ee ——— IP is paired with TCP at transport layer to make IP reliable 
fora HTTP, HTTPs & FTP are the 3 most common types of TCP/IP 
the IP address of yahoo which is 
209.191.88.254; but it is very easy to 
remember yahoo.com 


it is used 


between a web 
client & web server 


Various Layers of TCP/IP 


Network Access Layer 


for non-secure 
it divides the information to be transmitted data transmissions 


into various bits/packets 


in this, web client requests web server to view a page 


Internet Layer 


| 


after this, web servers sends the web page information to client 
this layer uses IP to deliver bits/packets of 
information 


Transport Layer 


HTTPs facilitates transactions using credit card etc. 


it is used 


this layer uses User Datagram Protocol (UDP) 
& Transmission Control Protocol (TCP) to 
ensure reliable transmission 


between a web 
client & web server 


for secure 


Application Layer 
m T 
data transmissions 


it deals with application network processes 
which include HTTP, FTP & SMTP 


otherwise, it is helpful in sending private data to web server 
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Esencia 


Internet & related 


E ry World Wide Web 
consists of pages Tim Berners Lee 
that can be accessed the man who introduced 

Er memea — - Client using a web browser der d 
HTTP is a method of presenting pages on a computer 


Server 


so, 'www' can be said an information that is network accessible 


- web page is 
Client-Server Model 


a document 
in hypertext language 


& is accessible 
through the internet 


Facsimile (Fax) 


web page can be accessed by using a URL address 


it contains information in text, graphics or hyperlinks form 


it is an electronic mode of sending a 


document from one place to another : 
Uniform 


$ Resource Locator 
Fax machine scans a document & sends 


it over a telephone or internet 
connection 


is used to identify 
Tim Berners Lee 


a resource 
on the internet 


who alongwith Internet 
Engineering Task Force developed 
URL in 1994 


a Fax machine consists of a scanner 
& a transmitter 


it indicate location of resource on the internet 


in contains information about protocol to access resource 


the Uniform Resource Locator is known as a 'web address' also 


Step involved in a Fax message 


At sender's end At receiver's end internet server 
is a special computer 
scanning of a document Fax machine receives it hat i 
over the Fax machine in the form of bits that 1s 
| | connected to 
an internet 
scanned document is decoding of received 24 hours & 7days 
converted into bits message into image 
| | it facilitates a user to access a website on the server 
these computers work throughout & are rarely switched off 
transmission to the the image is displayed 
receiver on screen & printed such computers are made to endure continuous work & high load 
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Internet & related 


E-mail is a 


short form for 


Shiva Ayyadurai electronic mail 


An India-born American scientist 
who invented e-mail in 1978 


the e-mail has substituted the facsimile 


e-mails are transmitted between the two servers 


one server is on sender's end & the other on receiver's end 


an e- EM provides a digital mechanism for exchanging information 


Three components of E-mail Messages 


E-mail messages 


graphic images & 
sound files are non- 
text files 


are usually encoded 


into ASCII text 


though e-mails may contain non-text files also 


it contains information in text, graphics or hyperlinks form 


the e-mail constitutes a large percentage of total traffic on internet 


Message Message 
Envelope Body 
describes includes text, web browser 
electronic Message image & file j 
format of Header attachments is a software 
e-mail used to access internet 
includes 1 r 
sender/ recipient it allows user to locate, access & display web pages 
information & it translates web pages in HTTP language into human readable 
subject line of : 
email the 1st web browser is Mosaic which was developed in the year 1993 


modern web browsers allow the designers to create highly interactive websites 


Some Common Web Browsers 


se 


ICANN is an 


American non-profit 
organization which was 


founded 
in the year 1998 


ICANN is responsible for IP address space allocation 


it plays important role in coordination of global internet system 
ICANN has its HQ 
at Los Angeles in USA 


ICANN 


now, ICANN has replaced the Internet Assigned Numbers Authori 


Internet Assigned Number Authority was providing these services previous] 


———.w- — — 
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Internet & related 


Victor Hayes 


the 'Father of wi-fi' 


Free Wi-Fi Hotspot 


provides free access of internet to all 
person within the range 


there is no password requirement to 
get connected to wi-fi network 


though it provides convenience to 
millions of internet users, but it has many 
security issues also & can be misused even 


Commercial Hotspot 


commercial network is protected 
by a password 


everybody within the range is not 
allowed to access internet 


to connect user's device to wi-fi 
network, a user is asked to provide 
password 


Ginny Strazisar 


the developer of IP router 
during 1975-76 


the wi-fi 
technolog 


is a wireless 


networking technolog 


it provides high speed internet using radio waves 
it was created by Mr. Victor Hayes in 1997 as Wi-Fi 802.11 


wi-fi is the most popular means of communication data wirelessl 


function of 
wi-fi is based on 


WLAN & has a 


username & 
password for security 


in wi-fi, wireless signal is transmitted through router 


router transmits signal from outside & delivers it further 


a phone or computer can share its connection via wi-fi hotspot 


the wi-fi 
router turns 


an internet connection 


into a wi-fi signal 


a router connects to multiple PCs via the wi-fi 


router connects multiple PCs with the help of modem 


hotspot is a 
specific location 


that provides internet access 


via wireless 
local area network 


a hotspot network includes a modem & a wireless router 
a hotspot can be either 'free wi-fi hotspot' or 'commercial hotspot' 
as one travels away from the central location, the signal becomes weaker 


a hotspot covers a distance up to 100m & can be create by using mobile/laptop 


i? 


transmits data using 
radio waves with the 
help of wi-fi router 


it hardly pass through 
sea water & can work 
in less dense regions 


comparatively more 
coverage distance 


Prof. Harald Haas 


the inventor of Li-Fi who is from 
University of Edinburgh 


in Li-Fi, speed of data 
transmission is faster 


transmits data using 
light with the help of 
LED bulbs 


do not have any 
interference issues 


it can pass through sea 
water & work in dense 
region 


comparatively more 
secure data transfer 


less coverage distance 


Jaap Haartsen 


a Dutch electrical engineer 
the Father of Bluetooth technology 


2000 


1st AS bluetooth-enabled 
1998 T bluetooth 2002 n 00 


ereo headphones 
launched 


enabled Mobile 


the birth of Phone 


bluetooth 


2004 


Ist bluetooth 
enabled digital 


camera 


Li-Fi is a 


wireless optical 
networking technology 


where LEDs are 
used for data transmission 


LEDs transmit Li-Fi data & photoreceptors receive it 


the term Li-Fi was coined in 2011 by Professor Harald Haas 


Li-Fi technolo 


used the visible part of electromagnetic spectrum 


bluetooth is 


a short-distance 


technology in the 


field of communication Ultra High Frequency 


it transfers data between two electronic devices 


it allows wireless connection between various devices 


it transfers data from one end to other using UHF radiowaves 


wi-fi direct is 


considered 
as a competitor 


of bluetooth standard 


it allows devices to connect mutually without router 


devices connect mutually using the built-in wireless modules 


. i WiMAX 
WiMAX is - wireless interoperability 
a Standardized for microwave access 

wireless version could be deployed in a 
/ various spectrum bands : 
t that is 
of Ethernet tha 23 GHz, 
an alternative 2.5 GHz, 3.5 GHz 
to wire technologies & 5.8 GHz 


it provide broadband internet access to various users 


it operates similar to wi-fi, but at speed hi 


WiMAX can serve a greater number of users over larger distances 
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Wi-Fi vs. WiMAX 


Point of 
difference 


WiMAX 


Wireless Interoperability Microwave 


Abbreviated for Access 


Wireless Fidelity 


2 Chronology was officially launched in 1997 wimax got start in 2004 
3 IEEE standards defined under IEEE 802.11 standards defined under IEEE 802.16 standards 


Frequency band 


there is no bar on frequency band 
usage in case of WiMAX it could be 
deployed in frequency bands 2.3 GHz, 
2.5 GHz, 3.5 GHz & 5.8 GHz 


operates on ISM (industrial, scientific 
& medical radio bands; ISM bands are 
called unlicensed bands; 2.54 GHz is 
the most commonly used ISM band 


broader range which could reach up to 
80-90 km 


narrower range which could reach up 
to 100 metres 


Channel 
bandwidth 


Bandwidth 
efficiency* 


Encryption 
techniques 


D Scalability 
"RN 


Bandwidth 


Efficiency 


Duplex 


Ea 
E 
= 
- 
g 


it refers to thè maximum bits of information that can be 
the bandwidth is used optimally fat; 


duplex refers to a communication system where both ends of communication can send & 


comparatively less variation in data 
transfer rate because it covers 
comparatively a smaller area 


in case of wi-fi, it is 200 MHz 


comparatively less 


Advanced Encryption Standard (AES) 


it is intended for LAN applications 


wi-fi works at 2.7 bps/Hz & can peak 
up to 54 Mbps in 20 MHz channel 


half duplex 


Ye he 


comparative higher variations in data 
transfer rate because it covers 
comparatively a larger area 


in case of WiMAX, it varies between 
1.25 MHz to 20 MHz 


in wimax, bandwidth efficiency is 


about twice as compared to wi-fi 
based networks 


Triple Data Encryption Algorithm & 
Advanced Encryption Standards 


it is intended for WLAN applications 


WiMAX works at 5 bps/Hz & can 
peak up to 100 Mbps in a 20 MHz 
channel 


full duplex 


transmitted per second per unit if ge 


receive signals at the same time; in half duplex, signals can only flow in one direction at a 


time 
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Virtual Reality 


itisa 
3-dimensional 


Jaron Lanier 


the founding father 
of virtual reality 


environment that is 
generated by a computer 


& can be explored 
& interacted by a person 


therefore, it an artificial environment created by a software 


What is 3-D image? 


virtual reality is something which is not real but perceived as real 


it is a 3-dimensional image that 


provides the perception of depth a person interacting with this artificial environment becomes part of it 


3-D images are made interactive & 
provide users a sense as if they were 
involved with the scene a virtual 


reality system 


such an experience is called 
virtual reality 


allow a 
person to view 


3-dimensional images 


the images appear real life-sized images to a person 

: the images changes as one moves around one's environment 
Architecture 
actions of images are so set that it look like a reality to the viewer 


Entertainment 


| 
it is widely 
used in healthcare 


VR 
surgery simulation Virtual 


Reality 


Medicine 


& robotic surgery etc. 
Military De : : : SV. 
it is used to create fully interactive environment for training 


Areas with application of Virtual Reality 
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Cloud Computing 


John McCarthy 


the man who pioneered the 
idea of cloud computing 


Disadvantages of cloud 
computing 


it requires constant internet connection 
to make sure 'anytime computing’ 


Stored data is not in user's hands & 
morcover, it can be either lost or 
misused 


since every component is online in cloud 
computing, so potential vulnerabilities 
of information/data stored on cloud 
is subject to more vulnerabilities 


Public 
Cloud 


allows systems & services to be 
accessible to general public; 
e-mail is its example 


allows systems & services to be 
accessible within an organization; 
it is more secure 


is a mixture of public & private cloud; 
critical activities are performed using 
private cloud & others at public cloud 


Various types of Clouds in computing 


cloud is 
a technology 


that provides 
internet services 


over the network 


applications like e-mail, conferencing etc run in cloud 


it is the 
manipulation 


configuration & 


assessment of 
the applications online 


it is a combination of both software & hardware 
it offers online data storage, infrastructure & application 


various advantages of cloud computing have been given below 


clients could access 


their data 
& application 


from anywhere 


it can be done by linking any computer to internet 


it reduces 
the need for 


advanced hardware 


requirement on client side 


this would reduce cost of access, Storage etc for clients 


x 


grid computing system 
lies at the back-end of 
cloud computing system 
one could take advantage of the power of entire network 


it brings efficiency in service & speeds up various calculations 


ir? ——— —————— 


—— — 


—————————— ——— — Emmmmmnmm i 


Project Loon 


What is LTE? 


LTE stands for Long Term Evolution 


it is a Standard for 4G wireless 
broadband technology 


LTE has been developed by 
3rd Generation Partnership Project 


it provides up to 10x the speed of 3G 
networks for mobile devices 


More about balloon 


a balloon is 12 metres tall & 
15 metres in diameter 


such a balloon can withstand 
temperature of -117°F 


such a balloon stays afloat for 
100 days or more before it is brought 
down for maintenance 


More about balloon 


a balloon in Project Loon consists of 
e solar panel 


e a battery for night use 
e a flight computer 
e navigational algorithms 
e an altitude control system 


e antennas for receiving 
& relaying 4G LTE signals 


"Project Loon' will now be used to predict 


weather with more accuracy 


the project was started in 2011 with 1st balloon flight over California 


project loon is 


an internet 
delivery project 


by Google - an 
American compan 


it is provides internet access to rural & underserved areas 


in this project 


hot air balloons 


are sent 
to stratosphere 


these balloons rain 4G LTE signals for everyone 
so, anyone who is having 4G device can access internet 


the baloons communicate with mobile phones & connect people 


balloon is made 


from 3nm 
thick sheets of 


polyethylene plastic 


it is partially inflated with helium gas to launch 


once it is in stratosphere, the balloon swells to full size 


balloon's pressure remains constant in changing temperatures 


telecom companies 


beam 4G 
LTE signals to 


such balloons 
in the stratosphere 


a balloon communicates with others in global network 


the balloons which are in motion relay signals like a cell tower 


no wi-fi network is used as it would require a network of antennas 


with 4G LTE, people can access e-mail & internet over cell phones alone 


————————wWw —————— 
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Cyber Security 


3 principles of 
cyber security include it is a set 
of techniques ! 


for protecting 
computers, networks 


4 


programmes & data 
from unauthorised access 


Confidentiality Integrity Availability 


unauthorized access or attacks are aimed for exploitation 


[S Imp 
eeu o 


Application cyber security is 
& Information 

Security important for 
: everything that is 
Disaster 
Recovery ! | affected by 
breach of securi 
Network 


Security this includes e-mails, phones, transportation system 


it is must to secure government databases & financial systems 
internal & external security is impossible today without cyber security 


the principles of cyber security include confidentiality, integrity & availabili 


Major areas covered in Cyber Security 


sharing the 
sensitive information 


only with a 


Instances of Cyber Attacks 


2016 3 billion Yahoo account hacked 
2017 


2017 
2016 
-17 

2021 


the most expensive component of cyber cost 


limited number of people 


it is for data related to security & financial transactions 


~ 412 million user accounts were 
Stolen by Friendfinder's site 


it involves 


about one lakh groups & four lakh 
machines in 150 countries were 
infected by wannacry virus 


protecting information 


from being altered 


from 2016 to 2017, there was 
22.7% increase in cyber security 
costs 


any malware in computer system may alter the data in it 


this alteration in stored data may lead to very serious consec uences 


damage related to cyber attacks is 
expected to be $6 trillion annually 


it is to ensure access to accurate information 


is information loss which accounts for this is to prevent the information from cyber attacks 


43% of total costs 


the cyber attacks prevent people from accessing information 


SEI RD ALIS LN re 


Cyber Security 


there are various 


traditional 
& non-traditional 


Pornography Malware 


cyber threats in existence 


Denial of 
Service 


Hacking 


internet is 
commonly misused 


for sexual abuse of 


women & children 


more children & adolescents are falling prey to this 


Trojans Hoax 
this is a 


cyber intrusion 
Spyware for blocking a user 


to access various 
services through internet 


in this, a user's bandwidth is flooded for the purpose 


Pornography 


it refers to written, printed or digital 
material that is used to portray sexual 
subject matter 


it is done with an intention to excite the 
viewer for sexual activities 


in India, Information Technology Act 
2000 & India Penal Code 1860 declare 
child pornography as an illegal act 


j 


Fred Ramirez 


it is harassing 


or threatening somebod 


with the use of internet 


the person who contributed 


to cyber security it is done using emails, other electronic communications etc. 
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Cyber Security 


Amjad Faroog Alvi 


the person who developed 
the first widespread virus 


Robert Tappan Morris 


an American computer scientist 
who created Morris Worm, the 
1st computer worm in 1988 


Ken Thompson 


the person who made popular 
the Trojan Horse 


Spyware 


the meaning of the term can be linked to 
'spy' means an unauthorized monitoring 


spyware is a programme that invade a 
computer & steals information about 
user's activities on the computer 


Steve Gibson 
| the person who uncovered the spyware 
& developed the 1st anti-spyware 
'OptOut 


PRLIEIELNE LII MENU c 


malware is 


also one of the 
common cyber threats 
it is software to perform unwanted in computer 


the various types of malware have been discussed below 


a virus is 
used to infect 


other programmes 
in a computer network 


by modifying them 


it enters into a computer & infects other programmes 


every infected programme starts acting like as if it were a virus 


Worms are spread 


to various computers 
through computer networks 
a worm does replicate itself to spread to other computers 


it spreads via computer network from one computer to another 


trojan is also 


one of 
the forms of 


computer malware 
trojans impair the security of a computer system 


trojans allow intrusion into a secure computer network 


hoax warns 


a user about 
non-existent cyber threat 
the user runs the programme to correct the threat 


when it is run, it invades & so, deletes all important files 


Technology 
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Cyber Crimes 


Cyber Crime 
meaning in detail 


it is a generic term which refers to all 
crimes committed using computers, 
internet, cyber space & web 


cyber crime 


is a crime 
that involves 


there may be use of computer in doing IT Act. f Information Technology Act. ! 
some criminal activity or it may be 


to target a computer 


computer & internet 


IT Act 2000 declares it a criminal offence in India 


Cyber crimes under IT Act 2000 are discussed hereunder 


tampering with 


computer source 
documents is a crime 


under Sec. 65 
of the IT Act 2000 


Cyber nobody can alter, destroy or conceal computer source code 


Defamation ; : SA : . : 
any such act done intentionally or causing it to occur is considered a crime 


according to 
the IT Act 2000 


hacking with 
a computer system 


Some other Cyber Crimes is a criminal offence 


it involves causing any wrongful loss or damage or 
altering any information in a computer resource wilfully 


such an act may lead to an imprisonment up to 3 years and/or fine 
Cyber Warfare : 


it is an internet-based warfare 


publishing of any 


it is a politically motivated attacks on obscene information 


information & information systems 


in any of the 
electronic form is 


Cyber warfare attacks are used to — 
e steal/alter data a criminal offence 


* cripple financial systems under the IT Act 2000 


* disrupt/disable essential services 


: lishing/transmitting any such information is prohibit 
* disable official websites & networks pub g y ` ited 


causing such information to publish in electronic form is also crime 


any such act may attract an imprisonment of up to five years and/or a fine 


————————w — ———— 


Barry C. Collin 


the man who coined the 
term cyber terrorism 


to do large 
scale economic — ©) 
or physical loss 


| ead 
State's critical \ 
y network - 


Goals behind Cyber Terrorism 


Cyberspace 


it is a virtual environment 


an environment in which data is 
Stored, modified or exchanged 


it is characterized by the use of 
computers & electromagnetic 


it involves interconnection of human 
beings using computers & 
telecommunication 


William Gibson 


the person who coined the term 
Cyberspace in 1984 


Cyber Security 
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it refers to 


resorting to 
terrorist activities 


using cyber space 


it is use of computers/internet to spread terror 
it is mostly used against a State or community at large 


some miscreants use this to further their socio-political goals 


technique 


used with a 
view to authenticate 


electronic information 


this used to secure information transmitted online 


it is used to verify the origin & integrity of an information 


it ensures that data is not altered during transmission over network 


it is a method 


used to convert 
data or information 


from a readable 
to an encoded language 


it is the most commonly used to ensure Cyber security 
it prevents the theft/spying of sensitive data during transmission 


actually, using encryption, the real message is hidden in an encrypted form 


it is one more 


important 
measure to ensure 


the security of 
corporate information 


it compares real security measures with set Standards 


corrective actions are taken in case any vulnerability is found 


288 
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Hi a N Encryption 
oe 


Signer Data 


itis a 
technique 


O that is 


used to verify 


Private Key 


the authenticity of 
an electronic document 


digital signature verifies the source of a document 


it ensures also that a document is in its original form onl 


Public Key Hash Value Receiver 


the document 


O —» Digital Signed Document / che 
transmitted digitally 


Signature is valid only if two hash values match 
are vulnerable 


to various risks of 


How does Digital Signature work? 
tampering 
or impersonation 


digital signature ensures the originality of a document 


Impersonation 
natures 
impersonation refers to an act of 

pretending to someone else for 


the purpose of fraud 
a hash 
in internet technology, impersonation a private - value is unique 
is a process of assigning a user account key is generated & any change in 
to an unknown user = data results in 
with the help different 
of a signing software value 


the private key is then used to encrypt the hash 


What is algorithm? the encrypted hash alongwith the data is digital signature 


POSS ISR eee 
PESE TA eee T me 
EI A 


it refers to a step-by-step way of 
addressing a problem 


Hash Function 


digital signature uses 


it is commonly used in data processing a standard, it is used to 
& mathematical operations accepted format map data of 
arbitratory size 
i called Public into data of a 
It contains a series of instructions for Kev Infrastructure xcd sind 


carrying out some operation 


two number keys are generated - public & private ke 
the signer signs a document electronically using the private ke 


a receiver receives copy of public key & uses it to decrypt the message 


————————. 
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Encryption Technology 


itisa 
technolog 


James H. Ellis 


who conceived the principle of 
asymmetric key cryptography 


that is used to 
hide the information 


from being spied/stolen 


through this, electronic data is coded into ciphertext 


Cryptography it hides information from unintended/unauthorized users 


is a science on which the computer 
encryption is based 


data which is stored in 
computers or transmitted 
via internet 


encryption protects 
it involves the creation of codes 
that allows information to be kept 
secret of digital data 


the confidentiality 


it secures the communication over internet 


it converts data into such a format 
that is unreadable to an 


therefore, it is very crucial in today's cyber world 
unauthorized user PETES 


what's app is using 256-bit 
encryption technology which India 
cannot break today 


it protects the 
data in cyberspace 


128-bit encryption : 
A from being 


stolen/manipulated 


128-bit encryption technology is 
considered very much secure 


an encryption technique that uses 
128-bit key to encrypt & decrypt 


by unauthorized persons 


& moreover, it provides confidentiality of data over internet 


it is one of the moŝt secure 
encryption methods used in modern 
encryption algorithms & technologies 


it works through 


with the help of keys, 

message is decoded in 
readable form at 

receiver's end 


a key encryption 


"public key' 
Why 128-bit Encryption & 'private key' 


is secure? private key is known to sender's computer only 
'bit' refers to the length of key; the & the public key is shared with the computer of the receiver 


longer the key, the more secure : : 
E ds P. the message from sender to receiver is forwarded in a coded language 


it would take 2128 combinations & 
thousands of years to crack it 


a key pair based on prime numbers of lon g length 


even for most powerful computers, it this makes it secure as infinite prime numbers are available 


is too difficult to crack it therefore, it makes an infinite possibilities of both keys available 


o ee EE 
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Encryption in India 


Section 84 A of 


IT (Amendment) 
b* Act 2008 provides for Department of 
encryption in India Telecommunications 


iphertex 
government is authorized to fix any encryption mode 
it is for fund 


7 


een 


at present 


there is no clear 
policy or law related to 


encryption in India 


ption standard 


A ERDO under s% Act also, there is clear enc 


Encryption Limits in India 


various 


A a] 
IT Act 2000 encryption limits 64 or 128-bit for standard 


USES network security 


have been specified for 


40-bits for all individuals, 
various agencies or ; groups or organizations 


organizations in India 


it is a law to deal with cyber crimes 
& e-commerce 


the law draws itself from the UN 
Model Law on e-Commerce 1996 


it is the Department of Telecommunications that determines it 


the Act provides legal recognition 
to e-commerce in India 


the draft policy was once 
withdrawn by Modi govt. & 
now it is reintroducing it 


established 


T EE national 
Section 84A of IT Act 


it was added to the Information 
Technology Act 2000 by an 
amendment in 2008 


it authorizes the Centre to prescribe 
models/methods for encryption 
for internet security 


LA 


today, India 
does not have an 


general restrictions 
| GL GC UE ws 5 " 

| the DoT has fixed such a low encryption 
_ Standard so that the govt. may have access | 
| to information to track anti-social elements but, sectoral restrictions are there in different areas 


—————————. - 


on encryption here 


TOTNM. minimum 128-bit for all 
d banking transactions 
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Cyber Forensics 


cyber forensics 


computer 
forensics also 


it is a branch of digital forensics science 


it is used to determine technical criminal evidence 


ed in justice delivery 


cyber forensics is a science & art us 


Digital Evidence 

cyber forensics is 

used for 
fixing a crime 


with the 
aid of computer 


Certification of 
Electronic Records 


India Evidence Act requires 
certification of electronic records 
before they are admitted for for this are used computers, internet & other peripherals 
evidence in a court of law 


it is to discover, analyse & reconstruct evidence 


this is very much helpful for an investigator to investigate a crime 


it is required to be certified by a 
person occupying a responsible 
official position 


in our India 


digital evidence 


is admissible in courts 


Cyber Forensics involves the following 


Section 65B of Indian Evidence Act deals with this 


certificate is not mandatory to admit digital evidence in a trial 


recovery 
of deleted files 


v 


preserving 
information 


Resource Centre 
for Cyber Forensics 


is a state-of- 
the-art centre in the 


area of cyber forensics 
it was established in 2008 at Thiruvananthapuram in Kerala 
the centre was established by De partment of Electronic & Information 


IT Act Information Technology Act RCCF e 
works to pursue R&D, training & technical services in Cyber forensics 


EC Ng E 


Kevin Ashton 


the person who coined the 
term Internet of Things 


collecting 
data etc. 


Application of IoT in Defence 


Application of loT in Smart Cities 


using smart metres can improve leak 
detection; prevent loss of revenue due to 
inefficiency & boost productivity 


with the expansion of urbanization, the 
problem of traffic congestion is worsening; 
example : smart traffic signals, accident 
alerts, road sensors etc. 


loT makes it easier for buildings to save 
energy & improve their sustainability; 
smart energy management systems 
use IoT devices 


loT 


an ecosystem 


where 
every object is 


connected 
to the internet 


& thus the information is shared globall 


it is different from online information, e-mail etc. 


the purpose 
behind this is to 


facilitate 


as much as it could be 


defence 
is becoming 


one of the most 
complex phenomena 


in the modern world 


it is difficult to anticipate & assess enemy's actions 


the cities 
of future will be 


more extensive 
& more crowded 


there will be more burden on urban infrastructure 


IoT improves industrial efficiency & quali 


it reduces human-induced errors through softwares 
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communication IoT 


Internet of Things is leading to the next digital revolution 


there are a number of applications of Internet of Things in our life 


_ IoT 
is important in 
improvement of 
- the efficiency & 
effectiveness 
of military 
actions 


IoT helps by integrating sensors, actuators & control systems 


IoT can improve energy efficiency & solve traffic problems 


More uses of loT in our daily lives 
to set your geyser switch on automatically 
with the alarm bell of your smart phone 
to make switch on irrigation pump 
automatically when moisture level falls 
to know the weather forecast of the day when 
you look into the mirror in morning 
to know the stock of grocery when you 
unlock your kitchen door or open fridge 
automatic ordering for grocery when its level 


falls below a certain point at your home 


automatic switching off of electronic devices 
when you lock the main door to Step out 


automatic switch on off A.C. or heat in car, 
parked at a distance, when you leave office 
automatic signal to vehicles on the road to 


give way to emergency vehicles 


loT & Telemedicine 
IoT has revolutionized telemedicine also 


with the help of IoT, it is possible to 
manage chronic diseases as well as 
to prevent various diseases also 


loT has made it possible to connect rural 
patients in remote with technically 
advanced hospitals & clinics 


patients in rural can avail the benefit of 
expertise of highly specialized doctors 
who otherwise don't like to be 
placed in remote areas 


with the help of IoT, patient's health 
Status can known periodically 
using RFID & sensors 


Radio Frequency Identification 


it uses radio waves to use & capture 
information stored on a tag attached to 
an object 
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IoT has 


very wide 
applications in 


our day-to-day lives 


IoT can help setting our home to a smart home 


IoT can be used to water plants when moisture level falls 


using IoT, you can switch on your geyser in bathroom while in bed 


Illustration 
of IoT 


like in 
other fields 


IoT is 
very helpful 


in the field 
of agriculture also 


IoT helps in knowing water & nutrition needs of plants 


IoT helps to increase produce & manage crop-related risks also 


with the help 
of IoT technolog 


a doctor can monitor 


his patient's 
health from remote 


smart beds are used to monitor patient's movements 
such smart beds can help in automatic patient monitoring also 


wearable devices are used to monitor critical health indicators of patient 


though IoT has 
many benefits 


but it is not 
free from challenges 


the data thus exchanged may be leaked or spied 


extensive use of such a technolo gy may lead to job loss 


———— ——— ————— ua —————ÀÀ ———— T 
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Net Neutrality 


it means 
equal treatment 


of all data , ; E 
: Net Neutrality = ‘No’ Data Discrimination 
on the internet 


irrespective of 
its content or source 


Tim Wu 
an American lawyer & 


professor who coined the term 
Net Neutrality in 2003 


it ensures equal access of all websites to everybod 


About what is Net 
Neutrality? 


without this, ISPs can become biased towards certain websites 


no licensing of internet companies 


an internet 
service provider 


offers free 


no speeding up or slowing down of ' ——— aL 
specific websites access to yahoo BES internet Service Provider |” 


& charges for google 


no free access to certain websites & 
charging for other websites this is a violation of the concept of net neutrality 


because in this case, yahoo will have an edge over google 


so, an ISP cannot block/favour access to any particular website 


Who is responsibility for 
Net Neutrality in India? 


Telecom Regulatory Authority of India it is must 


(TRAI) is responsible for enforcing to honour the 
net neutrality in India 


right to freedom 


in 2018, Government of India of speech & expression 


unanimously approved new regulations guaranteed by 
supporting net neutrality India's Constitution 


it provides level playing field to new Start-ups also 


the rules guarantee free & open internet 


access to the community in India it sounds ethically good to give equal access of internet to all 


economic 
principle favours 


CHILE paying differentl 
Chile is the first country 


for different services 


in the world to pass 
legislation on Net it may discourage ISPs as they may have to face loss 
Neutrality 
in 2010 


this may impair future investments in telecom infrastructure 


considering the huge investments incurred b ISPs, it is ethically wrong 
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Net Neutrality in India 


Internet Service Provider 


it refers to a company that provides 
internet access to customers 


the mode of data transmission may be 
any like dial up, DSL, cable modem 
or wireless connections 


Internet Access Provider (IAP) is 
another name given to ISP 


World's Ist ISP 


"The World' is the first known Internet 
Service Provider 


the company is based in US & started 
serving its customers in 1989 


DoT - Department of 
Telecommunications 


Department of Telecommunications is 
a department under the Ministry of 
Communications 


the department plays the role of an 
enabler for the growth of digital 
economy & that of the 
telecommunication 
sector 


it has formulated a National Telecom 
Policy 2018 


it works to achieve the objective of 
universal mobile & broadband 
connectivity 


various activists 


rallied in India 


for the net 
neutrality rules 


ultimately, the DoT has approved the rules 


the new 
rules in India 


guarantees open 
& fair internet access 


to everybody in India 
rules requires ISPs to treat all online content the same 


an ISP cannot favour/withhold access to certain websites/apps 


it includes slowing down/granting preferential speeds to any content 


Indian net 
neutrality rules 


are considered to be 


one of the 
Strongest worldwide 


on violation of the rules, an ISP may lose its license 


net neutrality 
does not appl 
in case of emergencies 
net neutrality can be ignored in case of security threats 


the rules can be set side to manage high traffic across the network 


demand for 


for net neutrality 


Started in India in 2015 


it was in the backdrop of Facebook's offer to provide free internet 
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National Cyber 
Security Policy 


Why this Cyber 


Security Policy? Mtm 


VC ir AGAIN at gh LS 


India adopted its 


cyberspace is very vulnerable 


ert err eee -e 


this polic 


data exchanged in cyberspace can can be 
in the year 2013 


easily exploited for various purposes 


ETE A. ee a s it serves whole spectrum of ICT users & providers 
cyber data can be exploited by attacking 
the cyber infrastructure 


it provides for defining & guiding actions related to cyber securi 


the various objectives of India's cyber security policy 2013 are outline below 


a cyber attack may lead to loss upto any 
dimension to the economy & security 
of a nation; it may cause breach 
of privacy also 


the new 
tules in India 


it includes slowing down 
or granting preferential 
speeds to any content 


guarantees open 
& fair internet access 


PPP in cyber ) 
security in India? to everybody in India 


f rules requires ISPs to treat all online content the same 
the National Cyber Security Policy 


2013 provides for Public Private 
Partnership in enhancing 
the cyber security 


Indian net 


so the Government has set up a Joint ; 
neutrality rules 


Working Group (JWG) for PPP on 
cyber security 


JWG for PPP on 
cyber security 


it has been established in NSCS (National 
Security Council Secretariat) & works 
in the following areas: 


net neutrality 


does not appl 


in case of emergencies 


setting up of Information Sharing & 
Analysis Centre in critical sectors like 
banking, telecommunication & power 


net neutrality can be ignored in case of security threats 


the rules can be set side to manage high traffic across the network 


- establishment of Centres of 
Excellence on Policy Research, 
3 Standards & Audit 


capacity building for law enforcement 
agencies & cyber forensics 
fay establishment of testing labs for 
telecom & IT equipment under PPP 


it is to create 


tos 


a secure & resilient 


cyberspace in India 


the policy is to cover all citizens, businesses & government 


hug coL. IGNORED 
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NATIONAL DIGITAL 
COMMUNICAION POLICY 2018 
av 


the National Digital Communication Policy 2018 has replaced the 
National Telecom Policy 2012 


= Government of India has adopted the National Digital Communication Policy 2018 TET 
— according to the new policy, the Telecom Commission has been redesignated as the ‘Digital Communications Commission 
> the policy envisioned India's transition to a digitally empowered economy & society; how? 
e by fulfilling the information & communication needs of citizens & enterprises 
* by establishing a ubiquitous, resilient & affordable digital communications infrastructure & services 


the objectives are to be achieved 
Ensuring digital sovereignty 


Enhancing India's contribution to Global 
Value Chains 


Objectives 


Creating four million additional jobs in the 
Digital Communication sector 


Enhancing the contribution of Digital 
Communications sector to 8% of India's GDP 
from about 6% in 2017 


Propelling India to top 50 nations in the ICT 
Development Index of ITU from 134 in 
2017 


to every citizen 


establish a comprehensive data protection regime for 
digital communications that safeguards the privacy, 
autonomy & choice of individuals 


provide 1 Gbps connectivity to all Gram Panchayats 
by 2020 & 10 Gbps by 2022 


rovide universal broadband connectivity of 50 Mbps 
P y P E expand IoT ecosystem to 5 billion connected devices 


facilitate India's effective participation in digital 


ensure connectivity to all uncovered areas 
global economy 


attract investment of $100 billion in Digital enforce accountability through appropriate 
Communication Sector institutional mechanisms 


safe & secure digital communications infrastructure 


train | million manpower for building New Age Skill 
& services 


9 establishing a National Digital Grid by creating a National Fibre Autority 
9 establishing common service ducts & utility corridors in all city & highway road projects 
0 removal of barriers to approvals 

0 facilitating development of Open Access Next Generation Networks 


Strategy to 
achieve 
goals 
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SMART in e-Governance 
indicates 


E e 
n iene 


governance 
means providin 


various essential 
services to all citizens 


in an equal 
& efficient manner 


it is to deliver in a healthy, effective & transparent manner 


ITC has made the governance simpler, transparent & more efficient 


National 


; rg e-governance plan 
DeITY is an abbreviation of Department 
of Electronics & Information Technology was launched 


by the government 


in 2016, DeITY was taken out of the 
Ministry of Communications & 
Information Technology 


in the year 2006 


DeITY of Government of India is its backbone 

P its purpose is to deliver govt services via electronic media 

it was made a separate ministry under the 
name of Ministry of Electronics & 


its vision is to make public services accessible to the common man 
Information Technology > 


LEP NONPA 


the Aadhaar & UIDAI project was shifted 
under the new ministry MeITY the mode 


of governance 


UIDAI | 
CTS 


using ICT ‘Unique Identification Authority of India 


tools & technology 


Information & Communication Technology 


ICT tools in 


e-Governance include is called €-governance 


it is aimed at SMART delivery of government services 


end-to-end computerization solution 
from hardware to software 


reliable tele & mobile connectivity 


Strong digital network to connect 
every e-Governance portal to user 
across India 


IT-enabled workforce of public 
servants who can facilitate the 
delivery of e-Governance 


it has improved the connection between the government & citizens 


it includes the idea of ease of governance as well as more welfare of citizens 


various tools 


of ICT 
can be used 


in this new 
trend of governance 


d Digital India is a campaign of 
Digital , 5 
es Government of India was 
India : 
launched in 2015 


it includes computers, networks & trained personnel | 


for various ICT tools in e-governance, see list on the right hand side 
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ICT & Governance 


National Informatics Centre 


it works under the Ministry of Electronics 


& Information Technology 


governance applications up to 
the grassroot level 


it also works for the promotion of digital 
opportunities for sustainable 
development 


NICNET 


NICNET is an ICT Network of NIC 


it provides institutional linkage with all 
ministries/departments of Central 
Government, State, UTs & 
distt. administrations 


NICNET is a satellite-based nationwide 
computer-communication network 


it is world's largest network of its kind 


Meghraj 


Meghraj is a Graphic Interface Cloud 


it has been embarked upon to harness the 
benefits of cloud computing 


the focus of this initiative named 'Meghraj' 
is to accelerate the delivery of 
e-services in India 


NIC has emerged as 'prime builder' of e- 


this phase included 


build capacity 
from bottom to top 


for this, in 1987, NICNET was launched by NIC 


: I 
it was designed to be a satellite-based computer network 
it undertook 


an ambitious project 
of computerization 
of each district of India 


it provided digital frameworks to India's rural & remote areas 


this, obviously, lead to the start of a new wave of IT-enabled governance 


the government 
of Karnataka undertook 


even the digital land records 
have been integrated with the 
banks also 


this project 


in the year 2000 


it is related to the digitization of land record system 


for the first time, under Bhoomi, land record were digitized 


public can access land records from any revenue office in Karnataka 


the digital 
Indian campaig 


Meghraj is a milestone in India's 
journey on the path of 
e-Governance 


swept entire India 


in the year 2014 E 
in the same year, the NIC introduced 'Meghraj' p 


Meghraj is the national cloud with secured infrastructure 


maintaining digital infrastructure 
Was a burden on the already 


every department overburdened departments 


had to run its 


own digital infrastructure 


it proved very costlier & decreased the efficienc 


also 
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ICT & Governance 


Indian Railways got a digital 
makeover in 2002 


Make in India 


it is an initiative of Government of India 
launched in the year 2014 


it is a sort of ‘Swadeshi Movement’ which 
aims at attracting FDI & creating 
jobs in India 


"Make in India’ is based on four pillars: 
0 new processes Ô new infrastructure 
0 new sectors 0 new mindset 


‘Zero Defect, Zero Effect' is a phrase 
associated with 'Make in India' campaign 


Ease of Doing Business 


Ease of Doing Business is a relative term 


it is related all measures taken by the 

government to make easier the various 

formalities related to the setting up of a 
business & its maintenance 


it is aimed at building congenial 
environment to attract new investment 
& promote entrepreneurship 


Ease of Doing Business among various 
countries is compared with the help 
of Ease of Doing Business Index 
of the World Bank 


REN eS 


'cloud' is a 


centralized HRS 


Infrastructure 


virtual resource 


government departments can buy or hire it 


the departments do not need to set up their own infra 


in the 
cloud 'meghraj' 


a user has been 


given full libe 


a user gets everything in the cloud 'Meghraj' 
it allows a user to use its space at any point of time 


it is transparent & a user can change a lot of configuration 


nowadays, 
ICT has become 
t 
he most successful IR 
in Indian railways Indian 
Railways 


in IR, ICT has brought a revolution in service delivery 
it includes ticket booking & reservation from anywhere anytime 


money for ticket booking can be paid through secure online transactions 


ICT tools have ICT has made it easier to 
buy, sell & do financial 


transactions 


ICT has speed up 


ICT Information & Communication 
many formalities Technology 


in setting up a business 


it includes registration, clearances & bridging information gap 


— vsv 
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1980s 2006 
Computerization National 
eGovernance Plan 


t t 
- -— = <= => 
| t 


1990s 2014 
Department/State- e-Kranti 
specific initiatives 


e-Kranti was envisaged 
by the DeitY 


in 2014, Government of India initiated the e-Kranti 


mee e 


ission of e-Kranti 


Thrust Areas of 
e-Kranti 


SS ne NDA da 


it is to deliver 


the major thrust area of e-Kranti are 


E Eacan e Eaa 


all government Department of Electronics & 
Information Tecnology 


services to citizens 


electronically 
via multiple modes 


hence, thereby ensuring efficiency, transparency 


e | a ay 
EN — 3 
7 O oeseri OO 


& reliability in service delivery at very affordable costs 


it is to transform e-Governance for transforming governance 


its implementation 


is monitored by 
the management structure 


Ease of Doing Business for Digital India initiative 


the key components of management 


management structure of Digital India is given on right side 


— - — 


Structure consist of UOI RT YT 25. 
- Its implementation - 
Cabinet Committee on Economic E s MEL Pat MI Tit, E ee ND 
Affairs it has been 


to accord approval to projects according felt a 


to the financial provisions 


ropriate 


to implement e-Kranti 


> PEE ‘tee heade. , P 
a monitoring committee headed by PM as a programme 


Digital India Advisory Group chaired by the 
Ministry of Communications & IT 


each involved agency has its own roles & res onsibility 


an Apex Committee chaired by 
Cabinet Secretary 


to undertake addition/deletion of 
projects 


initiative has 


various thrust areas 


affecting human lives 


there are 44 Mission Mode Projects under 


e-Kranti Programme the list is thrust areas under it is 
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e-Kranti - the Key Principles 


Transformation & not Transaction 


all projects under e-Kranti are to bring transformation in quality, quantity & manner of service delivery 


Integrated Services & not Individual Services 


integration of back-end process & processing systems to facilitate integrated service delivery to citizens 


Government Process Reengineering to be Mandatory 


without Government Process Reengineering, no Mission Mode Projects will be sanctioned 


ICT Infrastructure on Demand 


to keep ICT infrastructure ready so that it may be provided on-demand to all government departments as they require; it include 
connectivity, cloud, mobile platform etc. 


5 


Cloud by default 


Government Cloud (Meghraj) should be the default cloud for various government departments; all sensitive information of government 
departments to be stored on Government Cloud only; no government department is allowed to use any private cloud without the 
permission from DeitY 


6 
Mobile First 


all applications will be designed/redesigned in such a way as to enable delivery of services through mobile 


Mandated Standards & Protocols 


e-Government Standards & Protocols as notified by DeitY shall be mandated in all e-governance projects 


Language Localization 


are information & services in e-Governance projects are to made available in Indian languages also 


Security & Electronic Data Preservation 


all online applications & e-services are required to adhere standard security measures including cyber security; the National Cyber 
Security Policy 2013 is required to followed by all departments 


E. LES O ears 
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ICT in Law & Order 


/ N 


A 


No. of police 
personnel per 
l lakh people 


the scene in India 


Policing requires 


prevention of crime 


9 providing essential community 
services 


a network-based system which was 
introduced in 2002 for police force in 
Andhra Pradesh 


it was intended to provide total 
computerized information system 
support for the work of police 


it helps police officers by providing 
them with information on criminal cases 
& criminals 


First Investigation Report 


it is a document prepared by 
the police on receiving 
9a complaint or 
information about the commission of a 
cognizable offence 


it sets the process of criminal justice in 
motion 


D cm WIPE TIE ee cS 


No. of 
crimes per 
1 lakh people 


policing 
is a challenge 


that is growing 


day by day 


police force numbers are inadequate 1n India 


but, despite few numbers, the policing is going digital 


in India, policing 


is largely 
based on the 


1861 Police Act 


now, police is being trained to meet the needs of time 


policing is a process that involves multiple number of activities 


in this 
age of internet 


the nature of crimes 


has also undergone a change 


it has brought change in the modus-operandi of crimes 


crimes can be committed anywhere while sitting anywhere 


the use 
of technology 


it is the various apps 


is a force-multiplier that help in Dakap 


in tackling the crimes 
the police districts & stations therein are going digital 


ICT has helped in the prevention & detection of various crimes 


it is a software 


used to register FIRs 


& keeping criminal database 


e-Cops has helps in streamlining the criminal justice system 
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ICT in Law & Order 


Policing requires 


it is a State-of-the-art government-owned IT network 


after 26/11 
tralized datab f NCRB hel EST : 
Se EDI M ad incident in 2008 
track activities of criminal CCTNS 
understand the modus operandi of in 2009 at New Delhi Tracking Network 
different criminal groups & Syslems 


the project aims at connecting digitally all State/UTs of India 


CCTNS contains every database of National Crime Records Bureau 


^ 


identify nexus between criminals & 
other groups (if any) 
4 bursting things before they actually 
happen 
NCRB 
was set up 


60% was set up in 1986 
on the recommendations of 
National Police Commission 


under CCTNS, about 60% of criminal NCRB is a repository of information on crimes & criminals 


records have been digitized the database with NCRB is accessible to any police stations in India 


this database helps track criminals much faster & more easily than ever before 


CCTV - Closed 
Circuit Television i 
CCIS is a 
unlike standard TV, CCTV does not 


openly broadcast signals to the public Crime & Criminal 


Information System 


it used wireless or wired transmission to 
send broadcast from video cameras to a 
specific monitor or a recording device 


implemented by NCRB 


it is to Store, analyse & retrieve crime & criminal records 


CCIS is in operation in all the States & Union Territories of India 
surveillance can be kept from a OES 


centralized located office installing 
CCTV cameras at various locations 


it allows constant monitoring of public 
places, sensitive infrastructure & even 
GPS tracked vehicles like radio cabs can not be 


made available 


CCTV recordings can provide invaluable 


everytime 
clues to track various cases 


& all places always 


therefore, CCTV cameras are used for surveillance 


Walter Bruch surveillance remained essential part of the policing always 


the person who invented 
CCTV in 1960s 


it is considered critical in preventing crimes before they ha 
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ICT in Law & Order 


Community Services 
provided by Police 


e-Challan is 


9 character verification ; 
a smart device 


used by the police 


for traffic management 


0 passport verification 


How is cyber crime 
detected? 


with ICT tools 
in virtual world, a cyber crime is detected 


the police 
with the help of IP address 


can reinvent its 


every computer has a unique IP address relationship with citizens 


as we have a unique home address in 
the real world 


police serves both as intermediary & a service provider 


ICT has made the service delivery more transparent & efficient 


an IP address consists of a string of 
binary numbers separated by dots 


computers & other devices use IP ICT has 
addresses to talk virtually to each other revolutionalized 


the way 
of working of 


law enforcement agencies 


today, a cyber crime can be committed from anywhere 


24x7 N~ some people use ICT tools to commit crimes anonymously 
bSafe 


Lat e 


~ 


ICT tools have made it easier to detect & analyze various crimes 


today, public 
safety is a big issue 


& the police is 
extending its service 


with the help of 
various safety apps 


there are many mobile i ' 
Some Women Safety Apps apps for ensuring women's safety 


in case of problem, a woman only need to press the panic button 


the command centre gets signal & locates cell phone using GPS tracking 
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no police 
investigation 


Sir William James Herschel 


is complete without 


a British ICS officer in India who used 
fingerprints for identification on 
contracts in 1858 


collection of evidence 


ICT has brought a sea change in its collection & analysis 


Fingerprints fingerprints are 


one of the oldest 


& most reliable 
clues behind a crime 


fingerprint is a faint impression 
of human finger 


ICT has given speed & accuracy to fingerprints matching 


with the help of ICT tools, fingerprints are stored in numerical codes 


Quality Check 


in the science 


of fingerprinting today 


FACTS - data flow 


identification & classification of 
fingerprints is a unique science 
known as 'dactylography' 


the latest & 
advanced technique 


Image 
Extraction 


fingerprint analysis for criminal 
evidence is based on the assumption 
that no two human being have 
same fingerprints 


it is an automated Fingerprint Identification System Database 


Updation 


it uses the image processing & pattern recognition technique 


Fingerprinting 
the comparison 


Before ICT After ICT 


fingerprints were stored | fingerprints are stored as 
as manual or paper digital or numerical 


tern. 


in this, images 
are converted into 


records codes 
bina d 
' ' 
fingerprints matching fingerprints matching zeroes & ‘ones 
could take as long as takes a few minutes thereby, an image is reduced to the numerics 
days & weeks or hours 


it makes the analysis & comparison of image easier 
E 
World's 18 Fingerprint 
Bureau was set up at Calcutta — CFPB was set up 


t t 


1897 — 1905 ps 1955 - 1956 > 


t 


CFPB was set up in Shimla, CFPB HQ was shifted 
but it was closed in 1922 to Kolkata from Delhi 


CFPB is under the 
administrative control 
of NCRB 


CFPB was 
established in 
the year 1995 


CFPB 


Centra! Finger 
Print Bureau 


it coordinates various interstate fingerprint bureaux 


e-Court 


the FIRST e-Court in India was 
opened at High Court of Judicature at 
Hyderabad on July 17, 2016 


Department of 
Justice 


as per the Allocation of Business Rules 


1961, Department of Justice is a part 
of Ministry of Law & Justice 


it is one of the oldest departments of 
Government of India 


its functions include : 
9 appointment, resignation & removal 
of judges of Supreme Court & High 
Courts 


0 service matters of judges of Supreme 
Court & High Courts 


© implementation of various 
schemes/projects like 
* e-Courts 
* Computerization of courts 
* Legal Aid to Poor 


e-Courts in India 
- challenges 


training of large number of employees 
for the purpose 


lack of awareness among litigants/ 
advocates & their acceptance of this 


providing for funds for setting up of 
State-of-the-art e-courts 


Cyber security threats as case-related 
important information may be leaked 
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it is an 
electronic court 


with a 
well developed 


technical infrastructure 


here, all matters are adjudicated upon in an online environment 


internet and other information & communication technology is used here 


from the year 2016, India has also entered into such a phase of electronic courts 


in India, it is 


a part of the 


National e- 
Governance Project 


Phase - I (2010-15) 
Phase - II (2015-19) 


it is to make district & subordinate court ICT enabled 


the Phase-II of e-Courts Mission Mode Project is going on now 


the project is being funded & monitored by the Department of Justice 
AAY 


to provide 


e-Court project is being 
implemented by the 
NIC of India 


efficient 
& time bound 


citizen-centric services 


to automate court processes to provide transparency 


to enhance judicial productivity - q ualitatively & quantitatively 


to make justice delivery system affordable, accessible & cost effective 


in e-courts 


ICT 


the entire work 


is executed di gitally NIC 


the entire information is stored as a database 
& it is then synced further to a particular software 


the software can be accessed b judges, advocates & litigants 


in order to get information, like next date, one need not to come to court 


_—a Sg ee 


e-committee 


e-committee 
was set up by 
Supreme Court to 
draw up an action 
plan for ICT 
efficacy of 
judiciary 


Approval 


the current version 
of e-Court project 
was approved 


Timeline of e-Courts in India 


National Policy 


‘National Policy 
& Action Plan for 
implementation of 

ICT in Indian 
Judiciary' prepared 
by e-committee 


Portal 


Hon'ble 
Chief Justice of 
India launched e- 
Courts National 
Portal 
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Cabinet 


Committee on 
Economic Affairs 
(CCEA) approved 
e-Courts project - 

computerization 
of Indian judiciary 


1st e-Court 


the 1st 
e-Court in 
India was opened 
at High Court at 
Hyderabad on 
July 16 
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ICT & Health 


tele- 


medicine 


ICT is critical 


in promoting 


ISRO 
Started its telemedicine 
programme in India in 2001 


Telemedicine 
Service Centre 


medical tourism in India 


it is used to bridge urban-rural divide in health services 
ICT has contributed positively to improve health services also 


it allows patients to connect doctors with computers, internet, skype etc. 


Secure audio/video 


refers to 


conferencing 
Se * serving patients 
e e e 
Hospital - X Hospital - Y Hospital - Z 


ISRO & DIT Projects 
of Telemedicine 


important roles ^ Organizati 


in telemedicine which I IE Indian Nationa 


here follows the list relies on satellites 


ISRO's INSAT services are i 
ISRO established a telemedicine kace iN 
network consisting of 382 hospitals it helps linking district hospitals with specialists hospitals 


this satellite-based service has created thousands of virtual OPDs 


2 DIT established more than 100 
nodes all over India 


| | other ISRO-DIT projects include 
| | 9 Village Resource Centres (VRCs) 


| 0 Common Service Centres Picture STORIE 
| | 0 e-Panchayat & Communication System 
| is a new 
| imaging technology 


in the field 


PACS covers j 
of medical science 


imaging of all including 


CT Scan images MRI images 


PACS can't be imagined without the use of 
modern ICT tools 


it allows store & digitally transmit electromagnetic images 


with the advent of PACS, there is no need of Storing records manuall 


this provides security & privacy of sensitive information related to a patient 


so, this new technology named PACS has contributed in revolutionizing telemedicine 


=. MUT ee 


Esencia : Science & Technology 


Patient's Rights in India 


every patient 


Patient's Rights, in India, are spread 


across various documents in India has the right 
WHERE to choose the best 
Constitution of India (Article 21) 
Riese ON See re ean S hospitals & doctors 
indian SSR en Tron ICT helps a patient finding best doctors & hospitals 
Conduct, Etiquette & Ethics) 
Regulation Act 2002 ICT awares a person about various health-related govt. schemes 
tei. ptem n chulo zt cic a e Arouet internet & social media, patients are educated about their rights 
RUN fe E ster EN it is with the help of 
Clinical Establishment Act 2010 internet & social media 
health education 
is promoted in society 
Charter of Patient's Rights it tells about communicable diseases & preventive measures 
Ministry of Health & Family Welfare, it informs the public & policy makers about health status in the socei 
Government of India has proposed a : 
I Ty . . E . . 
Charter of Patient Rights us updates health professionals about new innovations in diagnostic methods 
l Right to Information 
Right to Records & Reports 
3 Right to Emergency Medical Caro TA 
revolutionized 
Right to Informed Consent 
-— to Confidentiality, Human Dignity the way the hospitals | 
& Privacy are managed toda 
Right to Second Opinion A 
p ICT helps the management to improve patient safety 
Right to Transparency in | 
Rates & Care hospital managements are updated about the latest technology 
Right to Non-Discrimination various data from internet help managements to improve their services | 
Right to Safety & Quality Care : 
gh BELA patient record can be Stored on cloud today for its quick access in emere ency | 
i Right to Choose Alternative Treatment | 


Right to Choose Sources for Obtaining 
Medicines/Tests 
Right to Proper Referral & Transfer 
jo to Protection for Patients involved 
in Clinical Trials 


Right to Protection of Participation 
involved in Biomedical Research 


15 Right to take Discharge of Patient or 
Receive Body of Patient from Hospital 


Right to Patient Education 


— Right to be Heard & Seek Redressal 


Electronic 
Medical Records 


are digital versions 


of various medical 
records of the patients 


patients' data for EMRs is collected & then digitized 


it provides quick access of digital records for patient treatment 


computers, internet, softwares & clouds have made this all 
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ICT & Education 


EDUSAT 
& Virtual Classrooms 


education 
is empowerment 


without which 
a nation cannot push 


itself on the 
ath of development 


\ 
Teaching ess 


End in a country 


like India where 


both schools 
& teachers are scarce 


animated images & real time notes 
scribbled on touch board are 


distance learning really wonderful 
is a more viable option fg 
4% internet has revolutionized the mode of distance learning 
India's children who never : : : T 
etait iblol it has provided virtual classrooms, so bridging teacher-learner gap 
EDUSAT has facilitated 
w teacher training also 
g » EDUSAT is the 
wonderful technology GSAT-3, also called EDUSAT is 
l India's 1st & exclusive education 
| ug which has made satellite launched in 2004 
| 58% 90% 10% virtual classes a reality wh 
| Children Children Children MEA m x : 3 
EI doni aden who go for it is India's satellite built exclusively to serve education 
| complete complete higher : : r 
pA d iced EDUSAT links schools/colleges with classrooms in remote areas 
school at all in colleges 


it allows real-time interaction between learners in remote with teachers 


Taa a 


Role of 
NKN 


NKN is 
state-of-the-art NKN was launched in 2009; provides 

an ultra high speed of 10 GBPS 
fibre optic & connects all institutes 


to ED 
network to provide EASY 


high speed internet A 


& ultra high bandwidth 


establish high speed backbone connectivity 
which will enable knowledge & 
information sharing 


enable collaborative research, development 
& innovation 


facilitate advanced distance education in 
specialized fields 


Problems in India's 


Agriculture 


Poor Small land 
Connectivity holdings 
Disintegration Lack of improved 


of Market technology 


Unreliable/delayed 
information 


to optimize agriculture, 


different technologies are 
required for different 


sizes of farms — agro-climatic zones types of soil 


Goals of AGRISNET - 


provide information to farmers of 
quality of inputs & availability 
2 disseminate information of various 
govt. schemes etc. 
3 provide information on latest 
technologies to enhance production 


à pan-India electronic trading portal for 
marketing of agricultural produce 


it seeks to network all existing APMCs 
& other market yards to create a 
unified national market 


criteria for States to link mandis to it : 
0 specific provision in State APMC Act 
for electronic trading 
0 State APMC Act to provide for license 
to anyone in India to trade in local 
mandis through NAM 
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agriculture is 


a major sector 
of India's economy 


with ~16% GDP share 


India's agriculture is trapped in a web of problems 


emergence of ICT has brought a new hope for this sector 


ICT provides 


ICT informs farmers about 
weather, crop varieties, 
quality control etc. 


support to farmers 


in decision making 


ICT updates farmers with various information 


it provides need-based tailored technologies to farmers 


TEE 
eA Ax 


t oa x pede Ors 
in this ICT era 


famrers' market access 


has also been widened 


ICT informs farmers about prices & place of demand M NOST 


ICT has bridged a gap existing between farmers & consumers 


National Agriculture Market 


Agriculture Resources 
Information System Network 


a 'wired village' 


the information is 
provided in local language 


"A 


it delivers information to farmers for increasing productivi 


roject launched in 1998 by 
PMO's IT task force 
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ICT & Environment 


without 


an ICT role 
no modern socie it contributes both ways for 
: : protection of environment 
can be imagined & its protection 


ICT has transformed societies in all respects e 


in environmental respect, ICT is a double edged sword 


GHG emissions from ICT industry as 
percentage of total GHG emissions 


Harmful materials from 


e-waste include 


brominated flame polychlorinated 

retardants biphenyls | 
chromium | 

eg ee ee a E a S today, ICT has this has cut GHG emissions 

. fr facturin 
replaced material goods m aec. RAS 
e-waste 
with virtual products v 
e-waste is a term for electronic waste this has reduced the manufacturing needs of various goods 


Zr à A ICT has made virtual meetings possible, thus reducing travel needs 
it is created by discarded electric 


products & components smart transport system brought by ICT is helping reduction in emissions 


it has emerged as one of the major 
threats to health & environment 


era of internet 


this has helped 
reduction in GHG 
emissions 


has facilitated 
the installation of 


Smart Electricity 


Grid smart electricity grids 


electricity grid consists of all network smart grids help distribute & use power more efficiently 
involved in delivery of electricity Sx : : 

from power plan ta el Een ICT cement of smart grids with renewable sources of energy 

Be CURAR 


'smart grid' allows 2-way communication 
between utility & end user 


; real time sharing 
it senses along transmission line to 


respond quickly to any change of information is possible 
in electric demand in this ICT era 


it makes system more secure & efficient ICT has enabled nations to exchange best practices 


information of clean technologies can be exchanged effectively 
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ICT & Environment 


ICT is widely used 


MZ P» 


for the purpose of 


2197. 0 
see e «i e this information remains vital 
L f; EN ON weather & for space pograms, airplane 
£g climate monitoring flights etc. 
Global forest cover ^ India's forest cover it inludes weather forecasting, early warning etc. V4 
in2015,as%of in 2017, as % of > 
land area land ares it help in assessing real-time weather conditions also 


LIS 


— ——ÀÀÀÀ—À— 


forest cover 
is a vital indicator 


of the health 


Groundwater Estimation & Management 


: it is possible through drones 
of environment & satellite imageries 


it is an application software dedicated 
for groundwater management ICT helps in assessing forest cover & quality UA 


ICT is used to identify forest fires & any trespassing 


Soro MEE 


GEMS has been developed by Central 
Ground Water Board (CGWB) of 
Ministry of Water Resources , 


Government of India LN ] 
GPS Stations radio signals from satellite 
navigate system are used 


along the costline e iit 


it handles data related to water wells 
in India help monitoring Wi any change in size of glaciers 
can also be observed 
using ICT tools 


= Lab: aca "m sea level & its variations 
this information is vital for determining 


water level/quality & aquifers etc. measuring sea level is an important part of climate research z- 


rise in sea level is a reliable & tangible consequece of climate change 


CGWB 
GEMS 
- an application software - 
is an example of this 


"4 


Central Ground Water Board 


of environment around 


it is a subordinate office of Ministry 
of Water Resources 


it was established in 1970 & was merged 


with Ground Water Wing of Geological 
Survey of India in 1972 


Drones can measure this 
by observing standing 
crop & foliage 


VA this is very much essential for 
food security & planning 
land utilization 


J 


CGWB 0 management 9 exploration are used for assesing 


is a national © monitoring Ô assessment 
level apex body | © augmentation 0 regulation 
responsible for | of water resources in India 


the health of soil 
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ICT & Environment 


Institute of Wood Science & Technology 
(IWST) 


a Bangalore- 
based institute 


was established 
in 1938 


Centre of Excellence for 
Sandalwood Research 
& Wood Science 


under Indian Council 
of Forestry Research 
& Education 


the only institute of its kind in India 


m-STrIPES 


Monitoring System for Tiger-Intensive 
Protection & Ecological Status 


it is an exclusive tiger monitoring 
application 


has been developed by National Tiger 
Conservation Authority 


it is an Android mobile phone app which 
is used for tiger census across India 


the app works both offline & online 


Cloud Computing 


helps environment 


cloud computing has environmental 


it helps businesses to cut their energy 
consumption & carbon emissions 
by around 30% 
switching its activities from on-site 
server to cloud, a business units 
could save its energy use 
by ~60% 
cloud computing helps saving wasted 
computing resources through better 
matching of server with 
actual demand 


various ICT tools 


are used to know 


how the wild animals knowledge about wild animals 


: brings us closer to them 
live & behave in 
their natural habitats 2 


this is required to plan measures for their conservation 


ICT helps in exploring various values in animals & plant species 


knowledge about animals help reducing man-induced crime against them 


RPE, 


pug marks counting & camera 
traps are used in tiger 
census in India 


ICT tools 


‘allow assessment of 
wild animals from remote "A 
IWST has 


without disturbing them developed it 


GPS tracking or image sensoring technique is used for this 


knowing number & variety of wildlife is crucial for its conservation 


trees embedded with microchips can help their protection from smugglers 
m 
m-STrIPES is an ICT-enabled 


tool used for monitoring of 
tigers in wild 


protecting wild species v 
& their natural habitat 


it includes 


both legislative measures & technology are helpful in this 


various ICT tools are used for surveillance purpose to save wildlife 


technology is used to know encroachments, poaching etc in animal habitats 


media, especially 
ICT-enabled media 


Observed as International Day 


is helpful i 4 Of Forests; it was declared 
ML ro ; so by UN in 2012 
spreading about Ó 


role of surrounding 
environment in man's life 


campaigns about tree plantation 
& water conservation etc. are 
common on social media 


today, internet-enabled media is more effective in this 
various awareness drives through social media worked well 


if you don't know the value of something for life, you'll destroy it 


cM c 
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ICT & Banking 


Core Banking 
System 
——— — A 


Institute for Development & Research of 


Banking Technologies, Hyderabad 


it has a significant contribution in virtual 


banking in India 


itis the only of its kind in the world & 
was established in 1991 


it is working for innovating Indian 
banking into smarter era 


Aadhaar & UIDAI 


it is a 12-digit unique identification 
number issued to a citizen of India 


as per Aadhaar Act 2016, UIDAI is 
responsible for Aadhaar enrolment 
& authentication 


UIDAI is a statutory authority set up 
under the Aadhaar Act 2016 


UIDAI is under the administrative 
control of the Ministry of Electronics & 
Information Technology (MeitY) 


it was first established in 2009 as an 
attached office of Planning Commission 


RAUS 


Strength of a 
nation's econom 


depends on the 


efficiency of 
its banking system 


technology helps a banking system to become efficient 


ICT has made it possible to extend even the reach of banking sector 
DES ` 
NS 


thanks to IDRBT which 
. X has made it possible in 
Banking 2.0 is India 
is an era of paperless 
digital banking anytime, anywhere 


banking 
in this era, ATMs have replaced the human tellers 


ee SO 
core banking 


Unique Identification 
is such a system JIDAI 


Authority of India 


where every branch 
of a bank is connected 


through a digital network 
this works through a network of satellite & telecom technolog 


in the 1st decade of 21st century, Indian banks have achieved this milestone 


itisa 
24 x 7 bank 


it can be done by using 
ATM card & PIN 


these are more secure & 
offer protection against 
Stolen wallet 


Sy 
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ICT & Banking 


to prevent 
any misuse/fraud 


cards, in CVV | Card Verification Value 
India, come with 


National Payments 
md UIDAI | Corporation of India 
NPCI is such 


it was established in 2008 with its an organization 


HQ at Mumbai 


it was set up under the 
Payment & Settlement 
Systems Act, 2007 


that facilitates 


purpose behind its establishment was to 
create a robust payment & settlement 
infrastructure in India 


digital transactions in India 


it is an initiative of RBI & Indian Banks' Association 


; f i s retail payments & settlement systems in India 
it serves the entire banking system in Hopoi paymi y 


India for physical & electronic payment 
& settlement systems 


BHIM| Bharat Interface for Money 
NPCI is focused on bringing innovations 
in retail payment systems through 
the use of technology 


mobile payment app 
developed by NPCI 
BHIM is based on NPCI's Unified Payments Interface 


3-levels of authentication in 
BHIM includes: mobile 
number, device ID & 
UPI PIN 


NPCI, thereby helps to achieve greater 
efficiency in operations & widen 
the reach of payment systems 


it is to simplify digital payments in less-cash economy of future 


it allows to pay from one's bank account using the phone number only 


IMPS | Immediate Payment Service 


it is an instant 


; : IMPS is owned by NPCI 

interbank electronic & was aia a 2010 
fund transfer IMPS is a real-time 
service through mobile phones Da payment service 


unlike NEFT & RTGS, this service is available throughout 24 x 7 


NEFT | National Electronic Fund Transfer NEFT service was 
, started in 2005 
an electronic 


fund transfer facili ; 
y NEFT settlements take place 


maintained by RBI in half-hourly batches 


NEFT does not provide real-time fund transfer facility 
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ICT & Banking 


RTGS is another 


RTGS is used for high 
value transactions 


RTGS is unlike NEFT where 
various transactions are 
bundled together for 
settlement 


l 


here 'gross settlement' means the transaction is settled on one-to-one basis 


electronic fund Real-Time Gross 
RTGS Settlement 
transfer system that 


allows inter- 
bank fund transfers 


in this, fund transfer takes place on 'real time' & 'gross' basis 


Services 
UN. IEQ f NFS | National Financial Switch 
provided by NFS NFS is the largest 


Institute of Development & 


interconnected network 


IDRBT Research in Banking 
Basic Services Value Added Services of ATMs in India Technology 
1 i NFS system was developed by the IDRBT in 2004 
ò Cash withdrawal ^ O Interoperable cash deposit 
0 PIN change 9 Mobile Banking Registration it is owned by the National Payment Corporation of India 
0 Balance enquiry © Card-to-card fund transfer , t X Ted 
ee 0 Cheque Book request it routes ATM transactions through inter-connectivity among banks 
0 Statement request 
© Aadhaar Number Seeding in India, CTS has been 
CTS | Cheque Truncation System introduced w.e.f. 
CTS isa 1 Apr. 2013 
Features of UPI 5 
cheque clearing system 
V only electronic image 
Ere undertaken by RBI of cheque is sent for 
: ti p l 
cape ga papoose CTS is there to ensure faster clearance of cheques pone 
& easy to pay 
it has discontinued the physical flow of cheque it is clearance 
Single app, UPI Immediate 
many accomnis ment UPI | Unified Payments Interface 
UPI is the 
Fund transfer limit using 
Payment through Virtual Payment most popular UPI is Rs.1 lakh per 
QR code Split Bills Address payment s Stem transaction 
in practice in India UEI bas been designed 


by NPCI for various 


payment transfers using UPI is free, prompt & simple mobile apps 


several banking features have been merg 


RuPay a domestic payment system 


Affordable Secure launched in 2013 
: - a new card 
Cust Inter-operabili 
omizable nter-op ty F all Indian banks & financial 
Electronic product options payment scheme institutions are allowed to 
to untapped consumer launched by NPCI participate in RuPay 


segment 
it offers open-loop, multilateral facility for retail payments 


— s 


I——s— s 
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Geospatial Technology 


Sg 


Hi 
d m 
Q Q 


Passive Remote Active Remote 
Sensing Sensing 


geospatial is 


a combination of 


'geo' & 'spatial' 


'geo' means 'Earth' & 'spatial' pertains to 'space' 


so, 'geospatial' is getting imagery of Earth from the space 


it is technology 


RADIOMETER : 
measures the instensity of electromagnetic with the GIS- 
radiation in the range of visible, infrared & help of which Geographic 
microwave Information 
data about Earth Systems 


is collected from space 


in includes mapping & analysis of Earth's features 


geospatial technology is a part of information technology 


SPECTROMETER 
* is designed to detect, measure & analyze 


the spatial content of the electromagnetic 
radiation 
* imaging spectrometers use prisms to 


various tools like GIS, remote sensing & GPS etc are part of it 


disperse the radiation for spectral 


discrimination in this, geospatial data 
is collected GPS 
with the help of Global 
telli Positioning 
SPECTRORADIOMETER sate SIE sensors System 


* a radiometer that can measure the or airborne cameras 
instensity of radiation in multiple 
wavelength bands 
* used for remote sensing of specific 
parameters like sea surface temperature, 
cloud characteristics, ocean colour, 


vegetation etc. 


it provides an important source of information/data 


the data is used to know Earth, communities & disasters 


Passive 


nstrumenis : 


Passive tools do not use 
their own energy to 


itisa 
technique of 


Radiometer 


detect an object Spectrometer 
SCATTEROMETER remote sensing Spectro 
* a high frequency microwave radar 
designed to measure backscattered radiation — 


* used over ocean surfaces to derive maps 
of surface wind speed & direction 


- Active 
Instruments 
Radar 


it is method of remote sensing by active tools 
for LIDAR, RADAR etc, access the 


LIDAR 
the energy radiated from the object is studied for analysis | Laser Altimeter 


chapter on 'Sound' of this book such tools emit their own energy to strike the object 


a 
Dr. Roger Tomlinson 
the Father of GIS 


He became the first person to 
coin the term 'geospatial' 


What is 'triangulation'? 
trinagulation is a process where a GPS 
receiver combines broadcasts from multiple 
satellites to determines the exact position 


of an object 


three satellites are required to determined 
the exact location; in GPS case, 4 satellites 
have been deployed for greater accuracy 


GPS cannot be used indoor 
e GPS is not fit for indoor use because it 


requires an unobstructed path to space 


our mobile devices use other means to 
determine location like cellular tower & 
wi-fi signals 


| Hardware 
physical component of the 


computer on which the GIS runs 


| Software 
P Stores spatial data, analyzes & 


displays it in a map form 


Data ; 
is a key & very expensive 
component of GIS; it is digitized 
& stored in tables 


| People 
are the end users of GIS... it has 


entered into everybody's life 


it captures, stores, analyses & presents such data 
it is a computer-based tool & uses software to process data 


GIS like systems are possible in the days of information technolo 
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GIS isa 


tool that processes 


the geospatial data 


more detailed 
applications 
follow in next 


pages 
in the process 
of decision making 


it is used for mapping regions & their features etc. 
it measures a region's density & changes that are occurrin 
it has become a valuable source of information in decision makin 


lications in disaster management, agriculture etc. also 


official satellite 
navigation system 


of United State of America 


it is used to determine the ground position of an object 


s 24 satellites deployed in space by America 


the system include 


they orbit the Earth at a speed to complete one round in every 12 hours 


the satellites are 


spread out 
in combinations 


throughout the globe 
for accessing an object's location 3 satellites are required 
in GPS, 4 satellites are visible in a line-of-sight from any point 
each GPS broadcasts a message including satellite's location & time 


GPS receiver combines broadcasts from various satellites via triangulation 


o 
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GIS - its applications 


EIA 
e Environment Impact Assessment is 


a process that evaluates the probable 
environmental impacts of a proposed 
project or developmental activity 
e it should not always be taken in negative 
sense; it can be positive also 
e in assessment of environment impact, 
various socio-economic, cultural & human 
health issues arising from the proposed 
project are analyzed to give or not to give 
a final nod to it 


—_—_—_—_—_—_—_——_—_—_—_—_—— 


Various components of 
Environment Impact Assessment 


Assessment 
& 
evaluation 


to find which projects 
require EIA 


to determine the scope of 
EIA; means which 
potential impacts should be 
considered & which not; on 
this basis, the terms of 
reference of EIA team are 
framed 


the impacts, according to 
the terms of reference, are 
predicted & evaluated 
and the alternatives are 
suggested, if the need be 


EIA report along with the 
environmental 

management plan (EMP) 

is published for reviews 


EIA report 


Review of 
EIA report 
Decision 
making 


the last step involves monitoring to see 
whether the proposed impacts are real or not; 
compliance to see whether EMP is adhered to 
or not; lastly environmental auditing 


on the basis of the terms 
of reference, suggestions 
from authorities & public, 
the EIA report is reviewed 


then, it is finally decided 
whether to go ahead with 
the project or not; if yes, 

then under what conditions 


visual interpretation 


of data is facilitated 


through this 


Google Map, Yahoo Map are examples of this 


GIS is used 


‘in urban planning 


by the government 
it is used to analyse urban growth & its direction 


it is also used in determining suitable site for future growth 


like setting up of new 


GIS is used in managing road/railway line etc. 
problems related to 


transportation & logistics 


it provides environmental & topographical data for new projects 


it is very useful in traffic management, monitoring road conditions etc. 


it is applied for navigation support in waterways for finding best/safest routes 


79m 


GIS has become 


an important 
tool in disaster 


management & mitigation 


it helps in risk management & knowing extent of damage 


through it, areas prone to natural/manmade disaster are identified 


GIS is important 


to conserve 
natural resources 


& environment 


it tells about impact of development projects on environment 


it is also important for management of wetlands occurring as ecotone 


E SÉ É 5 5 Ü Ey A 
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GIS - its applications 


Net Sown Area 
(46.294) 


GIS has 
important role 


Fallow Land 
(8.1396) 


Land not available for 
cultivation (12.11%) 


Land use pattern in India 
Carbon Stock 


* refers to the amount of carbon stored 
in forest ecosystem 

* forest serves as a reservoir of carbon 
Storage 

* forest has the capacity to accumulate 

or release carbon 


Carbon Sink 


* carbon sinks are natural systems that 
suck up & store carbon dioxide from 
atmosphere 

* plants, oceans & soil are carbon sinks 

* carbon sinks are known as negative 
emissions also 


Forest in the management 


0, 
(24.39%) of natural resources 


this system helps in the detection of various mines 


it is useful in assessment of agricultural, water & forest resources 


it tells us about the distribution of natural resources & their quality also 


with the support of GIS, we approximate the carbon stock & carbon sinks 


geologists also 


with GIS, they estimate soil strata, 
rock types, their density & strengths 


it is to find suitable place for large dams etc. 


26 


GIS has many 


applications in 
agriculture sector also 


it help in assessing the cultivable land in a region 


it is applied in monitoring crop rotation & crop health etc. 


it helps in estimation of crop yield from the standing crops in an area 


through GIS, we know the nature of soil to determine the most suitable crop 


A. x 


* geology is the study of Earth, 
materials of which the Earth is made 
of & the structure of such materials 

* it Studies the organism also of which 
the Earth is inhabited by 

* those who study Earth are geologists 


GIS helps in 


identification of 


land use pattern 
& changes occurring therein 


we know, through GIS, the extent & quality of forests 

it refers to the availability and 
physical & economical 

accessibility optimal land use is essential for various concerns like food securit 

to food 


it tells us about the area under various crops & change therein 


through this, we come to know about area under forest & nature of forests 


—————————.w-—  —— —— —— 
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GIS - its applications. 


GIS is important 


in planning 
organizing 
& decision-making 
it is used by government, defence forces & others 


it helps in checking trespassing in govt lands, forests etc. 


Evaporatio 3 : : X 
a govt gets real time information about resources/losses in calamities 


it provides information about unauthorized constructions & developments 


Mapping Fee the technology 
- : : GIS 
* mapping is a graphical representation is helpful in is used for land 
* it represents graphically procedures, detection of fires Rie 
also 


processes, structures or systems 
* helps in depicting relationship among 
various components & their 
arrangement 


. Evapotranspiration ES 


* is a combination of evaporation & 
transpiration 

* evaporation is transfer of moisture 
into atmosphere from Earth's surface 

* transpiration is the passage of water 

through plant leaves & roots etc. 


it may be forest fires or fires in coal mines 


it does fire zone mapping & estimation of losses 


GIS is also useful in setting up of fire safety networks 


GIS provides 


techniques & 
technologies for 


sustainable tourism 


it provides information to serve needs of tourists 


tourists may get information about various places of tourism 


Land surveying 


* land surveying is a technique efficient management 

* this technique is used for measuring 
the dimensions of a particular area on 
the Earth of water is essential 


* it is used to establish land maps & GIS helps in evaluating the irrigation system efficiency 
boundaries it hel 


this is done by 
determining the rate of 
evapotranspiration 


& proper utilization 


ps in scientific determination of irri gation needs of crops 


it involves the elements of 
geometry, engineering, 
trigonometry physics, 
maths & law 


GIS is of use in fisheries assessment & management 


informs about illegal fishing & commercial activities in the sea 


SS G 
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GIS - its applications 


trespassing in 
wildlife habitat 


is a threat to wildlife 


Prof. David Birch : ‘ : aer 
the pioneer of idea of Economic Gardening GIS is used to process & visualize wildlife data 


it helps to identify areas where intensive care is needed 


it helps wildlife professionals in preparing conservation Strategy 


GIS 


GIS is useful technology i 
helps in assessing 


in evaluating various climate change 
impacts on crop 

health & yield 
it helps to know about receding glaciers & sea-level rise also 


7... Economic gardening 


* is a different model of economic 
development 

* it seeks the growth of local economy 
from within 

* it is based on the idea that economies 

are driven by the entrepreneurs 


climate change impacts 


we can map snow cover precisely with the help of GIS technique 


this all helps in forecasting seasonal run-offs & taking preventive measures 


mangroves are 


. Economic gardening critical in preventing 


coastal erosion & 


* this model seeks to support existing METUS : 
mitigating loss by tsunamis 


entrepreneurs so that they may 
create jobs in the community 

* this concept was pioneered in 1987 
in Colorado (US) when the State was 
in recession 


} Mangroves 


* are halophytic (salt tolerant) plants 

* they occur between 24°N & 38S 
latitudes in inter-tidal regions 

* they can survive in harsh physical 

environment like high salinity, lack 

of O2 & diurnal tidal inundation 


therefore, conservation of mangroves is very important 
GIS helps in mapping the density of mangroves vegetation 


it also helps in identification & mapping of areas prone to erosion 


GIS supports 


in mapping & planning 


of economic gardening 


it helps in site selection & suitability of business units 


ne GIS 
GIS is critical has role in public 


Asia (mainly S-E Asia) in crime mapping health, public 


has the largest amount of 
world's mangroves 


infra facilities & 
utility services 
also 


delivery of justice 


GIS provides information about criminal activities 
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Remote Sensing 


Reflectance from soil depends on 


moisture content in soil - dry soils have 
higher reflectance than wet soil 
sand, silt & clay composition 
soil texture, colour & grain size 


mineral composition - presence of iron 
oxide decreases reflectance in visible 
wavelength 


reflectance characteristics 
spectral reflectance e atmospheric conditions 


e seasons 
e time of the day 
e physical & chemical 
characteristics 


of various surfaces 


are collected & 
Stored by remote sensors 


Reflectance from vegetations depends on 


pigmentation of leaf 


then Spectral Reflectance Curve of a surface/object is prepared 


this curve, helps in identification of an object on the surface of Earth 


reflectance characteristics 


it helps in selecting 
the wavelength for 


vary according to the 


features of surface identifying an object 


a smooth surface reflects less than a rough surface does 
Reflectance from water depends on 
Spectral 


suspended particles in water 
: Reflectance Curve 


floating vegetation quality of e it is a graphical 
satellite imagery representation of 
MTS spectral reflectance of 


of sensor wavelengths 
clean water has higher reflectance in 


e reflectance is a 
visible wavelength function of 


it is also capable of differentiating between two objects wavelength 


the abili 


it is able to identify the properties of an object 


on different basis, resolution are classified into four categories 


Reflectance from Rock depends on 


nature of rock 


spatial resolution Pixel 
f rock n is the resolution 
element 


topographical features/shadow 


roughness of the surface 


the distance 


it is the minimum element area that sensor can detect 


it can be high spatial, medium spatial or low spatial resolution 
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Remote Sensing 


Various steps involved in 


Digital Image Processing spectral resolution 


~n 


is in reference to 
IMAGE RESTORATION the wavelength 


band of spectrum 


the distorted image is corrected to sensors sense an object in different bandwidths 
represent the original scene 


finer spectral resolutions cover narrow bandwidth 


various steps in this include: 


both spatial and spectral resolutions are closely linked 


H geometric correction of image: 
geometric errors occur because 
of perspective of sensors, 


rotation of Earth etc. radiometric resolution 


g radiometric correction: is in reference to 


reflectance of features varies 
according to the time & location; 


therefore, there is need to it is recorded in digital numbers for different satellite bands 
normalize the reflectance of images 


the radiation quantity 


resolution depends discrete levels into which signals may be divided 


g noise level: 


it is done to remove any unwanted signal output range is divided into distinct colours to know gorund features 


disturbance in the image 


STATISTICAL ANALYSIS 


temporal resolution 


is in reference 


the next step in Digital Image 


Bl Processing is preparing histograms of to the time 
the images imagery of same area is collected at different times 
histogram is a graph showing the it is important because characteristics may change over time 


B. number of pixels in an image at each 


different intensity value it helps in detecting changes by comparing multi-temporal image 


temporal resolutions are the function of latitude & sensor capabili etc. 


H it is used further to improve the quality it Is me 
of image processing of 


it is applied after correcting geometric spatial data collected by 
& radiometric distortions remote sensing technolog 


in the form of images 


Image classification is the next step in 
Digital Image Processing 


data, as received form sensors, has various inaccuracies 


therefore, it needs to pass through several steps for processing 


digital image processing is done in digital computers with help of softwares 


ag 


| 
| process that enhances image quality is called Digital Image Processing 
| 
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Applications of Remote Sensing 


this technique is 
useful for market 
analysis by assessing 


in determining soil = 

LJ 

= . 

= volume of business 
= 

LS 

ea 

= 


moisture content & 
water cycle, droughts, 


ting cars in 
floods etc. by counting 


parking lots etc. 


^A 
% 
% 
% 
% 
% 
it is helpful in 


conservation of aerial photography 
wild species by for surveillance 
counting their purposes during 
population war or otherwise 


CULCADULEADI i nnn 
oQoope" 
it is used in RF it helps in 
measurement of estimating crop loss 
distance from space during floods, 
to Earth using drought, disease etc. 


LIDAR 


oS 


in detecting oil 
spills etc in oceans 
& extent of marine 
loss due to that 


helps in catching 
tax evaders by 
detecting new 
constructions 


in measuring wind 
speed & direction 
of wind which is 
helpful for flights 
etc; it is done by 
using scatterometer 
or LIDAR 


in estimation remote sensing 


it is used in 
detecting aircrafts 
& saving lives 
after air crash 
or accident 


of forest cover, 
canopy density, 
undergrowth, 
carbons sinks 
etc. 


helps in safety of 
navigation by 

forewarning about 

obstacles, icebergs 
etc on the way 


ara EN 


Applications of Remote Sensing 


in conservation of 

lakes & water bodies 
by assessing & 
conserving the 
riparian zones* 


remote sensing is 
helpful in forecasting 
of weather 


telecom companies 
use remote sensing as 
a cost-effective way 
to optimize capacity 
requirements 


helpful in mineral 
exploration & mapping 
of minerals 


remote sensing is 
useful in measuring 
gravity; NASA's 

Gravity Recovery & 
Climate Experiment 


in assessing & observing 
vegetation types; 
assessing crop yield & 
other agriculture 


is an example of this management 
S remote sensing is aes Z 

di rthi remote sensing is used 

used in unearthin - de 
: F 8 = for determining ground 
archaeological sites; = TORSETU CU 
i o = : 
infrared »: ur ; = surface ; thus measuring 
in = 1 

VER RA EM = the height above sea 
"UE level of a place ^ 


the technology of 


remote sensing 


remote sensing 
is important for 
ocean floor 
mapping & knowing 
sub-floor features 


it is used in picking 
up signals from 
submarines in 
shallow waters 


remote sensing is 
useful for tracking 
migratory birds & 
inspecting their 
prevalence 


technology is used 
to monitor active 
volcanoes otherwise 
volcanoes are 
difficult to access 


* a riparian zone consists of vegetation on the bank of a water body that prevents nutrient run off from 
lakes/water bodies; excess nutrients in water bodies cause eutrophication of water bodies 


GPS - its types 


Base Station 
(known) 


Base Station in GPS - ^ ~. 


* it is a GPS receiver 

* it is placed at an accurately known 
fixed location 

* it is used to provide correction 
information for nearby portable GPS 
receivers 


Rover in GPS 


* Remotely Operated Video Enhanced 
Receiver 

* a rover is a GPS receiver 

* it is mounted on a pole, vehicle etc. 

* rover receiver is connected to a base 
Station 


* the first GPS satellite was launched 
in 1978 

* first, it was for military use 

* it was available to civil community 
also in 1984 

* the system is still being improved 


GPS has higher accuracy & 


stable atomic clocks on board 
for precise time transfer 
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DGPS is DGPS 
Differential Global 
an enhancement A EE 
over the GPS System 
it overcomes most of the natural/manmade error 
it uses a DGPS 
rk of fixed IS more accurate 
"m than the GPS 
ground-based 


reference stations 
two GPS receivers are used for this system 
a high precision 'Base' GPS receiver is also installed 
receiver collects GPS signals & compares to actual position 


differential measures the positional offset - in direction & distance 


Recreational Grade GPS 
is cheaper than other 
it is designed 


to acquire 
a location quickly 


without pinpointing accuracy 
the accuracy is < 15 metres with no differential correction 


the ou 


puts can be used in outdoor sports, hiking, geocaching etc. 


Segments of GPS 


Space 
segment ' ^4 


these are 
comparatively 


costlier & 
less user friendly 


User p= 
segment Control | 4 
segment 


than recreational GPS 
mapping grade GPS are more accurate than recreational ones 


these are most often used by the government agencies & researchers 


it is the most accurate & expensive one 


provides horizontal accuracy to within a centimetre 


it is used by professional surveyors where accuracy is crucial 


GLNSS 


* BeiDou Navigation Satellite System 
(BDS) is a Chinese system 

* it consists of 2 separate sets of 

_ satellites 

* China launched BeiDou-1 in 2000 & 

decommissioned it in 2012 


* Quasi-Zenith Satellite System 

* it is project of Japanese government 

* it is for development of 4-satellite 
regional time transfer system 

* it will augment GPS to be receivable 
in Asia-Oceania regions 


* it is Indian Regional Navigation 
Satellite System (IRNSS) 

* NAVIC is an operational name of 
IRNSS 

* it will cover India & a region of 1500 
km around it 


India's NavIC will be 
operated by Indian Space 
Research Organization 

(ISRO) 
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it refers to GLNSS 
Global Navigation 
a satellite system Satellite 


System 


to provide 
geospatial positioning 


there are currently three GNS systems in operation 


it is commonly 


known as 


GPS & it is each plane is inclined 55 


degrees relative to the 
Equator 


owned by America 
NAVSTAR is world's oldest GLNS system 
it was developed by US Department of Defence 


it consists of 24 to 27 satellites placed in 6 orbital planes 


each satellite of GLONASS 
completes an orbit in approx. 
11 hours & 15 minutes 


it is managed 


by Russian 
Space Forces for 


government of 
Russian Federation 


it is a group of 24 satellites in 3 orbital planes 


each satellite orbits at an angle of 64.8 to the Equator 


minimum number of 5 satellites are in view to users worldwide 


GLONASS was officially declared as operational w.e.f September 1993 


it is an initiative of 


European Union 
& European Space Agenc 


it provides measurements down to the meter range above sea level 


an Indian navigational system consisting of seven satellites 


it is based on indigenous technology developed by ISRO of India 


it provides services of 2 types - for all users & for authoized users onl 


= 


Igence 


LIntell 


la 


Artific 
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Artificial Intelligence 


it is a branch 
of computer science 


John McCarthy 


a founding father of Artificial 
Intelligence; he coined the term 'AT in 
1955 


that deals with 
developing machines 


which have man- 
like cognitive abilities 


machine thus created, are intelligent like human beings 


it puts human intelligence into softwares, robots & machines 


-Jehn-MeCarthy l^ ^ 


the person who launched the man has 
Facebook in the year 2004 the ability of 


speech recognition 


& self learning 


man is able to analyze a situation & make decisions 


being a rational creature, man can solve various problems logically 


computers have enabled to develop machines that can act like human brain 
Larry Page & Sergey Brin 


the persons who co-founded Google in 
the year 1998 


this will enhance 


this was highlighted in "The 
Future of Work - Accelerating 
Gender Parity" conference held 

by Harvard Business School 
in India in 2018 


efficiency 
in doing tasks 


& help avoiding wastage 


it will also lead to more accurac 


in decision making 
as technology is gender neutral, so it can bridge gender divide 


machines can do work that is risky, stressed & tedious for humans 


WS 


with the help 


Sense Comprehend Act of AI technology 


Computer — Natural language Machine 


children can be 


E MRS ss: PROCESSING. E exposed to various AI 
. Audio T Knowledge Audio Artificial 
, Processing - representation Processing extraneous Intelligence 
factors while at home 
ose) Identity e M Recommendation AI can provide desired parenting with more accurac 
peec b, Syg 

: ystems ; : 

Virtual Paulas © Analysis it can provide the way parents want their children to be trained 


A Data : : 
ang e cas «g Visu aa T Facebook & Google have introduce AI to fight child abuse/ex ploitation 
Robotics 
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Artificial Intelligence 


History of Artificial Intelligence 
there are games 


where large number of 


possible options 
are to be ocnsidered 


Foundations for neutral networks laid before taking a move 


in such games, computer-based AI can play a better role 


AI can facilitate to weigh various options with more accuracy 


with the help 
of AI technology 


computers can 
now understand the 


natural language 
spoken by humans 


"Turing Test' for evaluation of 
intelligence was introduced 


this has revolutionized the communication worldwide 


through this, real time communications have become possible 


John McCarthy coined the term 
‘Artificial Intelligence’ (AI) 


AI tools have 
made it possible 


to understand, 
interpret & comprehend 


LISP - a programming language for AI 
was developed by John McCarthy 


the visual input on machines 


drones/spying aeroplanes help identifying various places 


computers can interpret sketches of suspects & help police to reach them 


Q : | 
s j oy. AT, iris 


today, various 
intelligence systems 


this can be helpful in wildlife 
protection by recognizing a 
real voice by comparing it 
with voices in software 


Computers were made to understand 
natural language 


can be employed for 


analysis of speech/voice 


machines can differentiate between different ascents & slangs 


l It separates a particular voice from various noises in the background 
A natural language processing computer 


programme 'ELIZA' was built this way, 


investigating agencies can reach the true culprits in various cases 


AI & Robotics 


machines that are ‘Robot’ comes 
e e from Czech word 
e = e programmed 'Robota' which 


to do specific task means 'forced 


O O i 
| cH in real world environment work 


they can manipulate objects & free man from doing repetitive tasks 


robotics involves 


conception, design, 
manufacture & operation 


Mechanical Electrical 
part part 


i i 


Structure Programming 


robots to do a guided task 


it is a branch of AI & involves different branches of engineering 


Robots can carry out many 
clinical tests simultaneously 


Rehabilitating disabled person 


To perform complex surgeries 


Performing patient care 


for space for underwater 
exploration exploration 


Robot vs. AI Program 


Al Programs 
; Operate in computer 
ee nal wadd stimulated world 
input can be given inthe | information can be given 
form of speech, images in symbols & rules 
require special hardware | require general purpose 
With sensors & effectors | computers to operate on 


robots can be 


AI 
Robotics | Robots 


employed in 
hazardous zones 


during war times 
in India, DRDO has developed such a robot 'Daksh' 
'Daksh' 


can be employed to destroy life threatening object safel 


——— 


i eee 


Al & Defence 


p 3 


AI in Defence 
Surveillance Cybersecurity 
Combating Intelligence 
Militaries employ - 
drones tag 


channel remote communication 
(video & audio) to ground troops & 
to military bases 


track movements of enemy. & 
exploring into unknown areas of a 
war zone 


assist with mitigation procedures 
after a war is over and conduct. 
search for lost/injured soldiers 


aid with operations like peace 
keeping & border surveillance 


in this two terms 'humanoid' & 
‘bipedal’ need attention 


humanoid means resembling human 
body in shape 


it is designed for functional purpose so 
that a robot may interact with human 
tools & environment 


bipedal means a robot having two legs 
like a human being 


bipedal robots are designed to control 
the locomotion of robot 
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AI has broadened 
the scope of machines 


which can now 


perform a variety of tasks 


& make versatile decisions 


using AI, various functions like troops training etc can be optimized 


remote control 
unmanned drones 


are becoming 
popular for surveillance 


such drones can carry out surveillance even in risky areas 


mechanical construction & electrical components are two aspects of robot 


AI applications in defence 
include design of targeted 

missiles, intensive 
fighter planes etc 


AI robots can be 


employed on ground 


to assist soldiers in war 


hi-tech robots can add cutting edge to technology in defence 


bipedal humanoid robots can be employed to execute search operations 


AI robots are capable of making & executing swift decisions on the war ground 


AI has 


data from satellite imagery 


facilitated the & sensors can be used to 


create situational 


analysis of information 
awareness 


in various army bases 


AI offers 
cybersecurity 


options as response to 
malware, phishing etc. 


AI softwares can be aimed at detecting & blocking abnormalities 


lp ID C age AA E 
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India is preparing to 
incorporate AI in 
defence in Centre for 
AI & Robotics 
India will implement this 
unmanned robotic project in partnership 
tanks weaponry dedicated to between armed forces 
Toe j & private sector 
unmanned unmanned Artificial Intelligence 
vehicles areal vehicles 


there is gap in 


it is a laboratory of DRDO located at 
Bangalore 


requirements 
& capabilities for 


implementation of 
AI in defence in India 


it also caters to users from other 


departments of Government of India is, it can bs tilled 


irrespective of that how bigger the ga 


wars in 
modern times 


are becoming it is an AI related 


. Project | US Defence Project 
eatenin 
more thr £ Maven undertaken by 


Google 


AI Robotics Cognition Control 
Systems 


than ever before 


Command Control Communication 


India has two nuclear states in its neighbourhood 
& Control Systems 


& there are issues with both the neighbouring States of India 


India needs to adopt AI in defence for the sake of its combat forces 


Autonomous 
weaponry involves 


determining the target life & death 


decisions in war 


AI can help to 
keep the 
soldiers off the 
battlefield 


it was objected by Russia, 
USA, Israel, S.Korea 
& Australia 


identifying it 


without human oversight 


is a question of debate 


prioritizing the target 


AI can improve 
management of 
equipment & 
management of 
supplies for the 
soldier trapped 


even UN held a meeting for ban on lethal autonomous weapons 


destroying it 


even Google employees objected on US defence project taken by Google 


it does all this without referring 
to human being 


on positive side, AI can be used to track & help soldiers tra 
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Al & Healthcare 


Tn a N 


Indi ‘Healthcare 
_ Professionals & Services 


pie * Available in *WHO 
*- India $ refommendatifn 


* per 1000 populati BAT 
Es Dtm Source- NITI Aayog affordability of healthcare facilities is challenge both in rural & urban 


health care 
is an emerging 


Early Training 
s detection 
sector in India 


Diagnosis Research 


with many challenges 


Al can help address the challenges in healthcare Decision-making Treatment 


it includes doctors, nurses, 


qualified healthcare hospital beds 


professionals & services eA clear urban-poor disparity is 
j seen in India 


are lacking in India vA 
non-uniform accessibility to healthcare across the count 


majority of patients reach hospital/doctor only on advanced stage of disease 


——» Urban (34%) 


Compound Annual 
healthcare CAGR | Growth Rate 
system of India 

Rural (66%) is multi-layered 


& complex also with 


a number of challenges 


& rural” a Rural (33%) it calls for a disruption from technologies at all levels 
? intervention by AI driven solutions can be the most obvious 


AI combined with robotics & IoMT can become the game changer 


% of 
doctors . 
—-» Urban (67%) Internet of Medical Things 
AI solution 
j in healthcare in India 
Private Expenditure as % Out-of-Pocket exp. as % 
of total healthcare of private exp. can augment the scarce 
expenditure 
personnel & lab facilities 
AI may help address the inaccessibility problem in healthcare 
AI can provide early detection, diagnostic & treatment all over India 
it can help cancer detection & treatment for early stage invention into cancer 
—» Rural this is an AI-based 


Urbana. 31% portable device 
0 


47% | 

tJ NITI AA is rolling out a new technolog s 

% of healthcare exp. that is financed from 
loans or sale of assets 


this is related to early detection of diabetic retino pathy 
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AI & Agriculture 


agriculture 
49% 16% & allied sector 
is critical to 
ag India's growth story 
India's workforce Share of Agriculture ; : et : 
dote o in GDP of the sector isn't performing well; it is lying sick 
Agriculture India 


those doing farming are living a lower standard of life 


Source: NITI Aay i i 
our ayog the hope lies of AI, that is expected to transform the sector 


image recognition 
& deep learning models 


33% 89% SR 
enable distributed Plantix is an 
S^ soil health monitoring example of this 
without laborato d 
Gross Cropped Area % of extracted ground F 3 Á A 
under irrigation water consumed in AI solutions allow farmers to take quick action to restore soil health 
in India agriculture 


Source: NITI Aayog 


AI can be used 
to predict advisories 


Microsoft, in collaboration with ICRISAT 
has developed an AI Sowing App; 
it sends advisories to farmers 

on optimal sowing dates 


for various 
purposes such as 


ce cS 


it is a deep learning application 
developed by a Berlin-based 
agricultural tech Startup 


sowing, pest 
control & input control 


this will help raising farmer's income & stability therein 


AI will help 


it identifies potential defects & 


MM monitoring various agronomic factor from remote 


AI has enabled to monitors crops holistically & take real time action 
it conducts analysis by software E 
algorithms that correlate particular 
foliage pattern with 
9 certain soil defects 
0 plant diseases 


it can bring a 
revolutionary change 


utilization it guides farmers to spray 
& efficiency of herbicide only where 


: ; weeds are present 
farming related machine 


International Crop Research Institute for 
Semi-Arid Tropics; based at Hyderabad, 
was founded in 1972 


it can be in area of weed removal, produce harvesting & grading | 


AI-based technique has been developed to reduce the spray of herbicides 


effective price discovery enabled by AI helps the farmers to realize better price 


—— 
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Education scenario in India 


80% 


¥ 


Gross Enrolment Gross Enrolment 
Ratio at Elementary Ratio at Secondary 
Level Level 


Source: NITI Aayog 


17% 


Globally, school spending on education 
technology is expected to grow @ 
17% annually through 2020 


70.7% 57.4% 


A 
In India, retention rate at Elementary 
level (left) & at Secondary level 
(right) 


it is one consisting of learners 
of different IQ levels though 
they are of same grade 


Multilevel 
classroom 


it i isting of learners 
Maltigrade it is one consisting of learn 


classroom 


of different grades sitting 
together simultaneously 


in a multigrade/multilevel classroom, a 
teacher's effectiveness become questionable as 
a teacher cannot justify at the level of 

everyone 


according 
to the estimates 


about half 
of India's population 


is below 25 years of age 


it is important to make them economically productive 


this is not possible without improved education & training 


digital means (including AI) can be much helpful in achieving this 


AI can help teachers 


in managing 
effectively the 


multilevel & 
multigrade classrooms 


through AI, it is easier to judge learning levels of students 


on the basis of their level, educational content can be tailored suitably 


with real-time feedback from AI, a teacher can tailor his guidance accordingly 


AI can 
help deliver 


learning materials 
that are suitable to a 
child's style 

& pace of learning 


Neuro-Linguistie Programming 


it can help tailoring questions suitable to learner's level 


all this will increase interactivity & catch more attention of students 


ReadEx is such a program that does real time question generation using NLP 


this can help plugging 
gap in distribution 
of teachers 


4 


on demand-supply basis 


AI can help automated 


transfers & 
posting of teacher 


training content can be customized rofessionally using AI tools 


on the basis of analysis of student's record, his activities can be predicted 


MÀ ——— 


~ ee 
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AI & Smart Cities 


i % of India's population living/ 
: expected to live in urban areas 


urbanization is 


Atal Mission for Rejuvenation 


considered an AMRUT | & Urban Transformation 


important aspect of 


a country's 
economic growth 


but, unplanned urbanization can bring many problems 
to address this, India launched AMRUT & Smart Cities Mission 
the ICT blended with AI can augment the features of a smart ci 


in India 


AI & IoT have 


brought the 
modern concept 


of smart homes 


PN 


Alis optimizing human efforts in daily routine 
% of urban population in India in 2001 


- at the beginning of 214 century AI can be extended to smart rooftops, water saving etc. 


" 1:4 
Ta N © 
A CAS = 


liveability of a city 


this can result in cost 
cutting, improved safety 
& accessibility 


/ 


avements, maintenance etc. 


Smart Home 


depends on the level of 


smart home a home that is equipped with 
such devices that can be controlled 
remotely by smart phones etc. 


ublic facilities there 


this includes parks, lighting, 


smart homes bring optimization in 
performance of daily activities of 
a human being & causes cost 


AI helps in monitoring & maintaining the level of facilities in a city 


cutting also 


in modern life where time is a resource IA enabled 
& its optimum utilization is a data analysis can 
challenge, 'smart home' is 
becoming a buzz word 


help in planning personnel 


on the basis 
of predicted services 


AI can be employed in trend analysis & grievance redressal 


; Kumbh Mela Experiment 


it was a technology driven exercise 


its purpose was to provide early warning 
in case a disaster is about to occur 


AI can help in predicting 
crowd behaviour & chances 
of stampede etc. 


it was first tried in 


nim mt a eee eee"! Ujjain Kumbh Mela 
wearable devices (smart bracelets) & ais River 
GPS trackers were used in this in 2016 


experiment 
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Al & India 


Countries with highest 
pegetion Of AL inching 2 India is 
recognizing 
Š Z National Strategy for AI 
the role AI can play in was released by NITI 
USA China India Israel Germany Aayog in June 2018 


l socio-economic 
17 2 3 4 5 development of India we 


NITI Aayog has formulated a National Strategy for this 


but still it is not without challenges & its path is the difficult one 


46% 


A 


it is a set of 


Based at Mumbai; dedicated 


infra & technologies Mandos pee x 
According to a study, by 2022, 46% of India's £ apply AI for social 
workforce will be entirely new jobs that don't good 


that is required to 


ist AI will i 
exist today & AI will be the main I & aale data 


India's 1st research 
institute dedicated 


it includes adequate safeguard to data & information to AI 


NU UNUS CS pUEEm CC cm. India lacks a safe data ecosystem with strong encryption 
. to adopt Alin production are 
in India, 
core research in 
Healthcare Energy š 1 
basic technologies 
is not satisfactory 
<% of carly adopting companies & the core research is not brought into market applications 
of AI in different countries € RR a 
v CHALLENGE #3 
skilled manpower 
25% is one of the 
key requirements 
USA for AI enabled economy 
\ \ but, in India all including expertise & manpower are lacking 
23% 19% : ; i 
China India 


unclear privacy, security 
& ethical regulations are 
other challenges 


\ sy à! inherent problems 


in Indian society are 


11% 10% 10% 


becoming hindrance 
Japan Singapore France in the popularization of AI 


the inherent problems fingered at are low awareness & high costs 
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Future of AI 


; 5th Generation 

seeing global Technologies include 
developments in this 
AI, Machine Learning, 


the future of AI seems IoT, 3-D Printing 
i T: & Blockchai 
bie unn to be very promising pica 
(20 
developed world with ageing population is ready to embrace it 
Japan UK 
(2017) (2017) 


India France 


(2018) (2018) the world is 


becoming aware 


UK & China estimate that 10% & 
26% of their GDPs respectively 
will come from Al-related 
activities by 2030 


of the potential 


economic & 
zi social benefits of this 

‘data trust' is a trust that lawfully hold 

data & make decisions about its use 


future GDP contribution from AI cannot be ignored 


nations have already geared up for developing AI ecosystem 


it would provide data for the benefits of 


various individuals & organizations various countries 


are working on 
the benefits include creation of a new supply-side interventions 
business, helping research on some 

particular problem/disease etc to create an 


ecosystem for this 


other focus areas include fiscal 
incentives & setting up of 
software libraries 


this infrastructure includes setting up of 'data trusts' 


it includes launch of 5G network & supercomputing facilities 


countries are 


it is to educate students in four increasing allocation 


disciplines of 
0 Science 0 Technology 
0 Engineering © Mathematics 


for STEM 


this is through investment in universities 
talent development 


& mandating new courses related to 


AI & Law in universities 


for developing 
this is so because the all the four require future workforce for AI 


interdisciplinary approach po eet : : : 
MAPA du d this is being done with the help from various universities 


< 


e 
E E 
n allocated $480 = 
Pra a cya ms T many countries Ministry of AI 


E aar have set up dedicated 
. in the same budget, it was also announced that 
NITI Aayog will National Program for 
AI Research 


| 
public offices for AI 


public funding for AI has been enhanced by some nations 


$e 
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Artificial Neural Network (ANN) 


like people, ANNs learn 
by example 


itisa 
computer system 


made up of a number 


VV N z 
ON’ NAP of processing elements application, e.g. pattern 
Ww recognition through 


NUS “AN 
SX KAS that are simple amg 


& highly interconnected 


they process data by their dynamic response to external inputs 


it is inspired by the way biological nervous systems process the information 


Hidden Hidden 
layer 1 layer 2 


ANN| Artificial Neural Networks 
ANNs are 
composed of 


Understanding 'Feedforward' 
& 'Feedback' ANN 


ORG AE. Ses eiu 


multiple nodes, 
which imitate the 


output obtained at 
each node is known 
as its activation 
/node value 


neurons of the human brain 
connected by link, the neurons interact with each other 
nodes can take input data & perform simple operations on that 
one neuron passes the result of operations to other neurons in network 
ANNS are capable of learning, which takes place by altering the weight values 


each connection link in 
an ANN has an 
associated 

there are two weight 


artificial neural 
network topologies 


nerve cells in human brain are called neurons 


—————— -O feedforward & feedback 


synapse is a the functional junction between 
two neurons 


both of these have been discussed in line given below 


electric impulse created by external stimuli 


. it is used in pattern generation 
travels quickly through neural network P E " 


in this type recognition & classification 
a neuron collects signals from others through the flow 
a network of dendrites at synapse of information 


Ms no feedback loops ; 
is unidirectional fixed inputs & outputs 


CASCO XI. 2:707 tog SUR ue 
E Structure of Neuron & Synapse _ 


v information is send from one unit to the other 
N 


NA only one sided flow, no receiving back of information 
t d Nucleus De ; 2 

: Do Axon Feed j 

Dendrite f / ib oppi 
of other 


neuron es 
Synapse x —X Cell Body 


Dendrites 


in this type, feedback loops are allowed 


feedbacks are used in content addressable memories 


Dg ull c sc 


it is configured for a specific 


Applications of ANNs 


` Aerospace 


autopilot aircrafts, 


aircraft fault 
detection 


speech recognition, 
Speech text to speech 
conversion 


Applications 
Pattern 
Recognition in 
Software facial recognition, 
optical character 
recognition 
z to make 
predictions on 
stocks and natural 
calamities 


Time Series 


Prediction 
Medical 
cancer 
cell analysis, 
EEG & ECG 
analysis, prosthetic 
design 
weapon orientation 
Military ERCEG 
tracking 
Applications 
vehicle 
scheduling & 
Transportation routing, truck 
brake system 
diagnosis 


real-time 


spoken language 
translation 


Telecommunications 


automobile 
guidance 
system 


to make 
Steering decisions 


of physical 
vehicles 


corporate 
financial analysis, 


currency value 
prediction 


product 
design & analysis, 
quality inspection 

systems 
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Automotive 


Control 


Financial 


Industrial 


— UPDE€C AK 


JA 


iotechnology 


B 
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Cell & its types 


cells are the 


smallest & 
basic units of life 


Robert Hooke 
the first to discover the 
cell in 1665 


that can replicate 


shape & size of a cell depends on its function 


e a cell is the smallest world performing all functions of life 


Basic Molecules 
contained in a cell 


y a cell is the 


all living organisms 
are made of cells 


Nucleic Acids 
(DNA/RNA) 


Structural 
& functional unit 


this is on the basis of number 
of all living organisms of cells an organism 
is made of 


so, cells are known as the 'building blocks of life' 


Lipids Proteins 


organisms are classified in to 'unicellular' & 'multicellular' 


cell is a membrane bound unit containing basic molecules of life 


Carbohydrates 
this is so because life can't 
exist without these basic 
Sira of Animal Cell inp rokaryotic cells DNA | Deoxyribonucleic Acid organic molecules 
Membrane of DUA withina 
Cytoplasm deus cell is not separated 


bacteria & archaea 
are prokaryotes 


from cytoplasm 
Chromosomes Rm : Nucleus 
= all known prokaryotes are singletons, i.e. single cells 


membrane of nucleus 
separates DNA from 
cytoplasm 


in eukaryotic cell 


DNA is partitioned 


off from the cytoplasm amoebae are sigle-celled 


entities composed of 


eukaryotic cell 


7 Mitochondria 
Golgi body (Cell Power House) 


& is enclosed in nucleus 


the above cell is a Eukaryotic cell where DNA 
is enclosed in nucleus & membrane of 
nucleus separates it from cytoplasm 


all plants & animals are multicellular made of eukaryotic cells 


cell membrane is called 
all cells come plasma membrane also 


Chemicals 


in discrete and cell membrane is made 
, of phospholipids 
easily recognizable packets Peg 
Water 
every cell is surrounded by a structure - cell membrane 
y : : : 
e ACE ALBUS the cell membrane protects a cell from its external environment 


& 30% chemicals 
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Functions of cell 


Collenchyma & sclerenchyma are 
cells that are specifically meant 
for structural support 


Meiosis vs. Mitosis 
————— 


cells provide 


Meiosis Mitosis 


xui phloem & xylem are two 
f all i transport tissues in 
EE vascular plants 


Meiosis I 


Mitosis some cells are specifically for structural support 


xylem transports water & 
nutrients from root to 
Stem & leaves 


cell division causes 
2n — two sets of homologous chromosomes 


In single set of homologous chromosomes the tissues grow in mitosis, a parent cell break 
down to form two daughter 


in complex organisms ese A 
P £ cells identical to it 


—————————————— 
mitosis is the process of cell division & multiplication 


in simple organisms mitosis (cell division) causes reproduction 


Adenosine Triphosphate 


ATP is produced in mitochondria using 


energy stored in the food cells import 


nutrients are required for chemical 
reactions in a cell & waste is 
the by-product of chemical 
reactions 


nutrients into them 


export waste from inside 


ATP is used for chemical reactions take place regularly in a living cell 


0 transporting substances across cell 
membrane 

> supplying energy needed for muscle 
contraction 


this function transports nutrients into & waste out from cells 


5 


plant cells generate their 
energy from Sunlight 
& animal cells from 
food molecules 


cells generate energy 
from some source 
in their environment 


cells generate their energy from food molecules or sunli ght 


mitochondria, in cell, are known as the power generators of the cell 


Prokaryotes Eukaryotes 
1 il mitochondria converts O2 & nutrients into ATP - adenosine triphosphate 
asexual sexual Jur 1 AO HES 
reproduction reproduction 


cells help 
in reproduction 


Meiosis is a process 
that takes place 


in Eukryotes 


Gametes 
: through the process of 
gametes are reproductive cells of an 
organism, called sexual cells also mitosis & meiosis 


Meiosis occurs in sexual reproduction & mitosis in asexual one 


gametes unite during reproduction to 
form zygote Meiosis is a process used for production of gametes - sex cells (sperm/eggs) 


Har o E 
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nucleic acid is 


nucleic acids are polymers which 
break into nucleotides containing 
sugar amine & phosphate 


a comprehensive term 


used for 
DNA & RNA both 


nucleic acids are essential to all known forms of life 


und in nuclei of cell 


Friedrich Miescher these are relatively strong acids which are fo 


the firsi who isolated nucleic acid 


DNA stores genetic an important property 


of DNA is that it 
can replicate 


information 


DNA Stores genetic information in the hereditary material 


Sou M perg contained in cells 
ORE OR AE I UR IE : nuclear DNA 
"a of nearly all organisms 


the codes are made up of four chemical : : : 
most of the DNA is found in cell nucleus in body | to kondil DNA 


bases 
mical bases 


but a small amount of it can also be found in mitochondria 


the four chemical DNA Stores genetic information as codes made up of che 


bases includes 


DNA & proteins are 


Adenine the other two 


(A) Guanine Cytosine 
(G) ©) ED 
DNA bases pair up with each 
other - 'A' with 'T' and 'C' with 'G' 


RNA is 


Thymine 
one of the three 


RNA | Ribonucleic Acid 


essential for all 
known forms of life 


major macromolecules 


they are composed 
of nucleotides 


molecules of RNA are single-stranded nucleic acids 
Nucleotide d 
RNA synthesizes protein - the process called translation 
each of the A, T, C & G bases is attached 
to a sugar molecule & a phosphate 
molecule 


DNA makes RNA 
& RNA makes protein 


xeno nucleic 


. xeno nucleic acids are 
acids are compounds 


called nucleic acid 
analogues also 


combination of base, sugar & phosphate is 


called nucleotide 


which are 
structurally similar 


to naturally 
occurring RNA or DNA 


nucleotides are arranged in two long 
strands called 'double helix' 


these are used in medicinal & molecular biology research 


xeno nucleic acids are produced by making alteration in nucleotides 


examples : peptic nucleic acid, locked nucleic acid & glycole nucleic acid 


—— 
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Biotechnology 


Applications of 


Biotechnology 


GMOs Gene testing 


Bioremediation Gene therapy 


Waste 
treatment 


Production of 
Biofuels 


Food 
processing 


GMO 


Genetically Modified Organism is one whose 
genes have been manipulated using tools 
of genetic engineering; 

this includes 


modification in elimination of 
existing genes some genes 
adding copies of specific 
genes from other 
organisms 
*the first GMO was created in 1973 


recombinant DNA 


it is a unique DNA Strand which is 
created artificially by scientists 


DNA strands from two or more sources 
are combined together to construct this 


an rDNA behaves like naturally 
occurring DNA 


is an example 
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biological processes involve 


biotechnology is 
chemical reactions 


exploitation of 
biological processes 


biotechnology is considered 
one the oldest as well as 
newest industrial 


for the well being of lives 
technologies 


it includes modification/development of living organisms 


it includes all from brewing to development of new crop varieties 


breakthroughs in biotechnology allow an organism's gene alteration even 


it is affecting 


almost every 
aspect of life today 


itisall from food to fuel, 
from cure to cloning & 
from life to liveable 
environment 


at micro & 
macro level both 


biotechnolgy is improving lives in many ways 
today, parent can decide to have a child of desired traits 


biotechnology has given us biofuels & those are relatively clean 


È S 


GMO | Genetically Modified Organisms 


two core 
techniques have 


rDNA | recombinant DNA 
helped the 


evolution of the 


the two involve changes in the 
chemistry of genetic material 
& introduce it into the host 

organism 

modern biotechnology 


"Genetic Engineering’ & 'Chemical Engineering' are the two 


examples include gene transfer, cloning, rDNA, GMO & GM crops 


plasmids, bacterial artificial chromosome 
Cloning vectors (BAC), bacteriophages, yeast artificial 


the procedure of chromosome (Y AC) 


rDNA or 
genetic engineering 


restriction enzymes are 
called molecular 


includes the following scissors also 


Restriction Enzyme called S 
restriction restriction enzymes : to cut DNA at specific locations 
endonuclease 
an enzyme from bacteria that is able to also cloning vectors : to transfer the cut DNA into a host organism 


recognize specific base sequences in 
DNA & cut the DNA at that 
(restriction) site 


competent host : to prepare the host cells to take up recombinant DNA 


all this is followed by the maintenance/incubation of cell with recombinant DNA 
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GM Technology 


technology 


Paul Berg related with the 


Father of Genetic 


QE. modification of 
Engineering 


genes of a species 


through lab processes 


modern technology has brought revolution in this field 


M crops a reality 


it is this GM technology that has made the G 


9 € 


Stanley Cohen (left) 
& Herbert Boyer (right) 


it refers to 


the persons who constructed the 
first recombination DNA gene transfer 


for specific traits 


between various 
organism or species 


in this desired genes of a species are extracted 


they are modified & are put into same or other species 


DNA is the genetic material 


this can be in the case of plants, animals or micro-organisms 


the expression of the genetic material 
occurs normally through the production 
of proteins 


it refers to 


this involves two consecutive steps : an alteration in 


9 transcription 
0 translation 


genetic code 
of one organism 


to produce a desired trait 


desired gene from DNA of one organism is taken first 


Cionino Verne & then it is inserted into the other to get a desired end result 


it is based on the understanding of DNA & how does DNA function 


molecular analysis of DNA has been 
made possible by the cloning of DNA 


the two molecules that are required for it is the process 
cloning are the DNA to be cloned & the 


cloning vector 


Dolly sheep is an example 
of artificial cloning 


of producing exact 


enetic copies of organisms 


a cloned vector is a small piece of DNA 
taken from a virus, a plasmid or cell of 
a higher organism 


clones can be either natural (like twins) or created artificially 


cloning vectors : to transfer the cut DNA into a host organism 


competent host : to prepare the host cells to take up recombinant DNA 


the cloning vector is chosen accroding 


to the size & type of DNA to be cloned all this is followed by the maintenance/incubation of cell with recombinant DNA 
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Cloning 


Vasous ype of | 
Et © cloning = 


Leu: 


exact genetic copies 


Gene 


Cell 
cloning ^ 4 cloning of various organisms Dolly sheep - the first 
Microbial Animal 5 mammal cloned from an 
cloning ^ pi nt cloning are called their clone adult somatic cell 
cloning every single bit of DNA of cloned animals stands identical 
the process of producing clones of various organism is called 'cloning' 
Studying the effect of 
differentiation 
biochemical analysis 
TA NE ; cloning occurs 
: maintenance of pure 
a Applications = lines in sin oie ither of th i 
Ẹ ofcell cloning — TUE g Sa Le it occurs in ie " 
di OIL + SS "Bel reproducing microbes 
multiplication of cells - naturally or artificially vegetatively multiplying 
having rDNA natural cloning occurs in microbes as well as plants | Plants 
Studying the effect of A S n : 
n i cell 
duc fn on artificial cloning is done by copying fragments of DNA/ 
similar cells molecular cloning is done 
from fragments of DNA & 
cell cloning is done 
Identical Twins Fraternal Twins cell cloning is done from cells 
(Monozygotic) (Dizygotic) 


by multiplying copies 
their is genetic, 


of the same cell morphological & 


i i cells of clones are found similar in various respects physiological similarity 
(se C» cell cloning is important in various respects (see on the side) 
y N l 
Shared Separate the microbes 
placenta placentas 


produce clones by 


reproducing asexuall cloning produces millions 


ES of copies of the 
a desired gene is introduced & multiplied in microbe same clone 


; ; i to obtain therapeuti i ial bi i 
Mone e nca me qus this allows to ob rapeutical & industrial biochemicals 
a single egg is fertilized to form ELSE 
one zygote 3 Ne WAR, ie it can be used to introduce desired 
uS Medical utility | genes in bacteria & such bacteria 
ivided i cene cloning is of gene cloning| Shall become living factories to 
the zygote then divided into two separate 2 produ dee eq ml aen Ca 
embryos to form twins produced from like insulin etc. 
multiple copies of 
the same gene to form rDNA, DNA is cut 
pe into many different 
in formation of rDNA, gene cloning is required fragments 
i ications in medical as well as agricultura this will feduce 
each twin develops from a separate egg it has applicat = I field fertilizer demand 


& each egg is fertilized by its own 


it can be applied for introducing nitrogen fixation bacteria in crops 
sperm cell 


moreover, rDNA technology can be applied to detect defective genes in foetus 


$i — ———— 


Cloning 


Vegetable crops 
(Potato) 


Floriculture species 
(lilies, roses) 


Fruit crops Woody species 
Strawberries & Pines & Grapes 
Dates 


it involves growing plant tissues on 
a nutrient media under sterile 
conditions 


Meristem Anther/pollen 


Protoplast Tissue/organ culture 


culture 


Cell suspension 
culture 


this is done to produce virus-free/disease- 
free plants and to improve yield 


of plants 
Eram cU 
"Plant tissue culture 
Advantages Disadvantages 
9 rapid production of © high start-up cost 
plants for facilities is 
© less space is required 
Tequired to produce 9 requires skilled 
thousands of plants labour & need to 
9 plants can be maintain sterile 
produced year round conditions 


is the process of plant reproduction 
where a cutting from a parent 
plant is taken in order to 
produce more plants 


7 = 
“cow; the eight-celled pa ti oy aA egg in the utérus of cow; then ít was taken out & the cells of 2 


cosmos om UC HE UU Ub eee c IIS 
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two methods 
of plant cloning are 


tissue culture 


however, stem cutting 
is the most common 
way of plant cloning 


& vegetative propagation 


plants can be cloned from any part of the plant 


many commercial plants are propagated using tissue culture 


it refers to 
the production of 


one is a donor cell 


genetically containing all its 
identical animals DNA & one egg 
" cell with all its 
from a single parent DNA removed 


animal cloning is based on 'somatic cell nuclear transfer 
nuclear transfer involves fusing of two cells of the parent animal 


then the two cells fuse & resulting enucleated egg is implanted in the mother 


see the diagram 


on the next 
page 

the 1st mammal 

successfully cloned Dolly was cloned in Scotland 

at Royal Institute of 
from an adult cell Edinburgh Dolly was a 3-parent 
baby born from 
was the Dolly sheep a surrogate 

mother 


a donor cell for Dolly was taken from the udder of a sheep 


an unfertilized egg taken from another female sheep was denucleated 


then, nucleus of udder cell was taken out & inserted into the denucleated egg 


the fertilized egg which turned 
into embryo was planted into 
Asian Gaur the embryo of third sheep 


became the first 
endangered species 
it was the 1st cloned animal 


, to gestate in the uterus 
a cell was taken from the skin of dead Asian Gaur” | of another species 


to be cloned 


it was then fused with cow's egg cell after removing its nucleus 


the fused cell was put into uterus of another cow for the Gaur calf to born 


PO Le ey SEs Ke ae X MUN Sea E> ZE CT 


Scientists cloned pum ina | different | way; they developed eight calves from single fertili fertilized €; Cs gota A 


es, each separated cell was kept ina different host mother. eh 


Advantages of 
Animal Cloning 


cloning allows 


it even allows the 
reproduction of livestock 
to produce healthy produce/food 


the reproduction of 


Molly & Polly Sheep 


they are the cloned sheep giving milk 
containing Factor IX 


very healthy animals 


so, it reduces the use of antibiotics, growth hormones etc. 


k products 


consumers are benefited from good quality meat & mil 


Factor IX milk can be used for the 
treatment of Haemophilia 


He won Nobel 
Prize in 2012 


cloning is 
helpful for the 


Laboratory for the Conservation 
LaCONES | of Endangered Species 


endangered species 


John Gurdon 


known for research in nuclear 
transplantation & cloning 


for example in China, panda cells are kept in reserve 


clones can help increase genetic diversity of endangered species 


LaCONES scientists fused skin cells of male cheetah with leopard eggs 
he did the first successful experiment in 


animal cloning in 1962 
he removed the nucleus of a fertilized egg 
cell from a frog & replaced it with the 
nucleus of a cell taken from 
tadpole's intestine 


the cloning 
technology helps 


researchers 


to make copies 


this modified egg cell grew into a new frog of various animals 


such animals may have medicinal & agricultural benefits 


it helps in in-depth research of diseases like motor-neuron disease 


LaCONES 


Stablished in 1998 with rt fri 
was e ished in with support trom Coüncil of Scientific & 


CSIR Industrial Research 


0 Department of Biotechnoloy 
9 Central Zoo Authority 


this technology 


could help 
the recovery of 


it helps in-situ/ex-situ preservation of 
various species using biotechnological 
tools in an innovative manner 


extinct species like 
dinosaurs & mammoths 


T. 


this is because DNA is preserved in fossils of animals 


- Miscellaneous 


Motor-Neuron Disease is a 
diesease affecting nerve cells that send 


homosexuals may have biological offsprin 


messages to the brain... leads to 
progressive weakness of 
muscles in the body 


now, even the sterile couples may expect to have babies 


cloning from healthy individuals may reduce chances of disease 


d mp €—— — —— 


hnology 
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Animal Cloning 


- Disadvantages 


so far the 
rate of success of 


Ian Wilmut 


the Father of genetic cloning 
who cloned 'Dolly sheep' 
- the firsi cloned mammal in the world 


reproductive cloning 


in the world of cloning, 
the failure leaves the 
success behind 


is very low 


most cloning experiments did not remain successful 


Dolly was the only clone to born alive out of 227 cloned embroys 


cloning does 
not lead to the 


defects, since birth, were 
detected in vital organs 
like liver, brain 


healthy individuals always & heart 


Pyrenean ibex 
(bucardo) 


reproduction of 


one of the four sub-species of wild 
goat that got extinct recently 
in 2000 


in many cloned experiments, the new borns had birth defects 


adverse health effects were observed in cloned sheep & other mammals 


after many failed attempts, the 
scientists got success in obtaining one 
embryo that survived in a living 
domestic goat 


in some cases, pre-mature ageing & immune system roblems were also noticed 


shorter life span 


so, this way, it became the 


first de-extinction experiment of cloned animals 
in the known history of mankind is another big issue while sheep's average 
life span is 10 to 
Dolly, the cloned sheep could survive 6 years only 12 years 
lj ; Dolly died because of serious lung infection & severe arthritis 
i - 

Zhong Zhong } 
& Hua Hua cost factor is 

two identical long-tailed macaques - another big issue 

the cloned ones that born in in the field of cloning 

the year 2017 


=--—--—-- - infrastructure required for cloning is much costlier 
the Chinese scientists have got 


x i ires g rtise & expensiv i 
success in this it da: uires great expe D e research equipment 


RET 


it has been achieved through a process 
known as 'Somatic Cell Nuclear 


Transfer' (SCNT) cloning allows 


the same technique was used for to develop 
the reproduction of a cloned identical cones of animals 
sheep 'Dolly' 


therefore, it may become a threat to genetic diversi 


DCR a i. C UNE a Pt 
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Process of Cloning 


Skin cells from adult 


Adult, who is being cloned Cell fusion 
Electric pulse causes 
skin cell to fuse 

with egg 


Unfertilized egg Nucleus containing Cell division 


removed from DNA removed 
female from egg 


Adult female 


Early stage embryo 
is implanted in surrogated 
mother 


though the two clones share 
the same genetic material, but 


they donot always look 
identical 


Surrogate mother 


Genetically identical to donor 


Animal Cloning in India 


2009 


Samrupa became the first cloned 
water buffalo; it was cloned at 
National Dairy Research 


2010 Institute, Karnal 


the cloned buffalo Garima II was 


born in 2010 at National Dairy 
Research Institute, Karnal 


2012 


‘Noori' - the Pashmina goat 
became the first cloned goat in India; 
it was developed by Sher-e-Kashmir 
University of Agriculture Sciences & 
Technology 


2013 


Garima II, the cloned buffalo 
gave birth to a calf 'Mahima' at 
National Dairy Research Institute, 
Karnal 


Indian Council of 
Agricultural Research 


ICAR 


2013 


the National Dairy Research 
Institute successfully cloned the fifth 
buffalo calf named Purnmia from high- 
2015 yielding Murrah buffalo breed 
Hisar Gaurav was developed 
in 2015 by scientists 


of ICAR-CIRB : 
Central Institute for 


CIRB Research on Buffaloes 


Assamese buffalo was cloned first time 
by by ICAR scientists; the calf was 


born to a Murrah buffalo 


'Shreshth', the first male buffalo 
born & was developed by National 
Dairy Research Institute, Karnal 


'Swaran' - a male buffalo calf 
produced at National Dairy Research 
Institute, Karnal; it was the world's 

second male clone calf 


Cirb Gaurav, an offspring of cloned 
buffalo was produced iby CIRB; with 


this CIRB became India's 2nd & 
world's 3rd institute to produce 
cloned buffalo 
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Stem Cells 


“Sources COME 


of Stem Cell 
TZNC OE Dr. James Till & 
undifferentiated cells Dr. Ernset McCulloch of 
Canada who are the pioneers 
` * H . h 
Enmbryonic Somatic/Adult in human bod in stem cell researc 
Stem Cells Stem Cells 


they can turn into specific cells as the body requires 
blood, bone marrow, 
adipose tissue, umbilical 
cord ceils 


isolated from inner cell they can develop into many different types of cell in the bod 


mass of blastocysts 


Stem cells are 


unspecialized 
& undifferentiated like heart muscles 
cells, blood cells etc. 
but they are able to 


grow into specialized cells 


can differentiate themselves into 
specialized cells 


can differentiate themselves into 
specialized cells 


they have the ability to divide & can renew themselves 


but they cannot develop into a complete 
organism 


they are primitive, 
undifferentiated cells 


that are derived from mostly derived from embroys 
that develop from eggs that 
the human embryo are fertilized in-vitro 


they are pluripotent, they can grow into all cell types 


such cells are 
undifferentiated cells somatic stem cells are 


it is made up to two types of cells : 


9 outermost layer which later develops in called adult Stem 
to placenta which are found in cells also 
9 inner cell mass which later becomes a many organs 


baby & differentiated tissues 


these have limitations to differentiate into various cell types 


CT NER 


3. G BIAT SUMERET: uL RE 


induced Pluripotent 
Stem Cell 


iPSCs 


is a soft, gelatinous tissue that fills the these cells are 


cavities of bones 


it produces red blood cells, white blood 


9 is a loose connective 
tissue in body which is 
composed by adipocytes 
9 Stores energy in the 


programmed to enter 


an embryonic 


cells & platelets Stem cell-like state ... form of fat 
Lr a an ye s 9 it cushions & insulates 
there are two types of bone marrow - the mouse iPSCs were first reported in year 2006 the body also 


0 it determines obesity in 


red & yellow animals & human beings 


whereas , the human iPSCs were first reported in year 2007 
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Stem Cells - 
Applications 


Stem cell based therapies 
- zare used to treat 

S Be Fae Stem cells serve as 
a repair system 
for the body 


adult stem cells 


Stroke Diabetes replace lost cells in 


bone marrow, 


Osteoarthritis Heart diseases 
muscles & the brain 


Rheumatoid Spinal cord 
arthritis macular injury 
degeneration 


ar & tear, injury or disease 


the cells are lost through we 


t National Guidelines for Stem 
"Cell Research in India 


stem cells are used to 
test new drugs also 


Stem cells 


P 


enerate cells & tissues 
presently there no approved indications 8 


for stem cell therapy except HSCT in human body 
(Haematopoietic Stem Cell 
Transplantation) E 
—-—-—-— & are also used to treat various diseases - list 

the National Apex Committee for Stem 
Cell Research & Therapy (NAC-SCRT) 

is the apex body constituted by the 
Department of Health & 
Family Welfare 


cells thus generated are used for cell-based thera pies 
given on life side 


stem cell transplant 


ee A APER helps HIV patients 


ICMR & DBT have released some 
joint guidelines for this 


battling lymphoma 


lymphoma is a type of cancer infecting white blood cells 


white blood cells, called 'lymphocytes', form our immune system 


VOR 2, 


General Principles teleased by 
-ICMR 


research on human subjects involving living 
cells & tissues must safeguard human rights, 
dignity & fundamental freedom 


double stem 
cell transplant 


may help fighting 


list of general principles also include 
everything from informed consent of the 
individual to maximization of public welfare 
& distributive justice 
E es S LS IS 


neuroblastoma also 


neuroblastoma is a rare cancer in young children 


this 


curcumin is a bioactive 
component of turmeric 


- Institute of Stem Cell 


! - : , ti 
|. Research & Regenerative bio-ink, which is made 


using stem cells 


is used for 3-D 
printing of complex tissues 


a public institute in India dedicated 
to the study of stem biology 


stem cells are used to treat patients after chemotherapy 


it helps those whose bone marrow is destroyed due to cancer 
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Transgenic Animals 


a process by which 
Transgenesis | mixing of genes 
are those animals takes place 


transgenic animals 


in 1985, the first transgenic pig was 
produced by microinjection of DNA whose DNA so far; teansgemic rais, rabbits 
into one pronucleus of a zygote has been manipulated pig, sheep, cow, fish have 


been produced 


transgenic animals possess & express a foreign gene 


this happens through a deliberate process, not s pontaneousl 


uud c. VOLENS 


Xenotransplantation . 


i Dinca ose tU dae o 


there are various benefits of transgenic animals which are given hereunder 


it is transplantation of living cells, tissues 


& organs from one species to another ; i 
transgenic models exist Rheumatoid 
for diseases like cancer, cystic RA arthritis 


fibrosis, RA, Alzheimer's disease 


these are 


specially designed 
to serve as a model this helps in the 
i investigation of new 
a eee for various human diseases treatment of diseases 


one species to another 
transgenic animals help scientists to Study gene functioning, 


gene regulation & effect of genes on normal body function & growth 


SST ESS: vx 


4 Vui GERD e N 
_ Why pig a so common ` | 


"vl: See 


some biological 


products are used such biological products are 
produced from animals 
for the treatment only & are costly 
it is easy to pathogen free ; z 
breed pigs pig breeds exist of certain human diseases 
pig organs are similar in this technique helps increase production of such products 


size to that of humans P . 
genes for a taking a particular products can be inserted into animals 


milch animals (milk producing animals) are the most used for this purpose 


some biological products harvested using 
this method are alpha-1 antitrypsin, 
zuclnatinals ure blood clotting factors VIII & IX 


developed & used. for and lactoferrin 


testing the 
safety of vaccines 


it is present in various secretory fluids like 
milk, saliva, tears & nasal secretions 


it can either be purified from milk or 


produced recombinantly like polio vaccines because transgenic animals 


amen ox rae ie ee a om auch amaeana dAd & th E are more sensitive to 
it provides anti-bacterial activity to Ls are developed to test the toxicity of drugs | toxic substances 


human infants 


human colostrum (first milk) has highest 
concentration of lactoferrin 


example: heart, liver, 
transgenic pig having human genes are used for this kidney, pancreas etc. 


they provide various organs for transplantation in humans 


os EM ee a xS fee Oe or cp E 
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Human genes encoding 
valuable proteins transferred 
CYED . 

£8) into rabbits 


4 avian leukosis virus-resistant 
A strains of the chicken 
produced 


trnasgenic Salmon was the 
first transgenic animal 
for food production 


AUT. oe cheasegancssheancas=sne > 


JC y 


© SEE enn 


Chicken 


Transgenic 
Animals 


AN 


A AB 


Q 


ANDI, the Ist transgenic monkey 
was produced by inserting DNA 
of fluorescent jelly in Rhesus 
monkey 


mouse was the first 
transgenic animal Monkey 
Ņ\ produced in 1974 


d 


& Dogie is a transgenic 


Sea  dogwith excellent 
; €" smelling power this is a variant of human 
(«n tissue-type plasminogen 
activator 


Y transgenic goat expressed a 
protein in their milk; good 
i! for dissolving blood clots 


* 


Mel 


1st transgenic cow yielded 
human protein enriched 
milk 


Transgenic 
Animals 


transgenic sheep are Sheep transgenic pigs expressing 
produced to yield better human growth hormone for 
meat & milk production better growth & meat production 
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Three Parent Baby 


AAD 
e $ 


World's first Three Parent Baby 
was born in Mexico in 2016 


three parent baby 


is a human offspring 
world's first three-parent baby 


produced from was a male baby & was 
genetic material taken born in Mexico 


three-parent babies 
are called designer 
babies also 


from one male & two females 


Bom by incorporating DNA a three-parent baby inherits genes from two mothers & one father 


from three people it involves techniques of mitochondrial manipulation & in-vitro fertilization 


Baby's mother carries genes for 
Leigh syndrome 


mitochondrial diseases 


such women could have 
babies who are genetically 
related to them 


ae 


TENE ROT are inherited by a child 
Leigh Syndrome Ü 


from its mother 
is a neurological disorder 


it becomes apparent in the first year . 
of life of a baby 


it leads to loss of mental & 
movement abilities and results into 
the death of baby from respiratory 
failure 


it is a rare genetic disease linked to 
maternal inheritance 


this prevents mitochondrial diseases to pass to a child 


it allows women with faulty mitochondria to have healthy babies 


this allows hopeless parents to have healthy children of their own genes 


MST | Maternal Spindle Transfer 


Two techniques of having 
a three-parent baby 


maternal 
spindle transfer 


PNT | Pronuclear Transfer 


one of the 

two techniques of 
didai suffering Ron having a three-parent baby 
Leigh Syndrome develop. 


this is to prevent mitochondrial disease from mother to baby 


in Maternal Spindle Transfer technique, the unfertilized eggs are used 
Peripheral 
Neuropathy 


loss of sensation 


Hypotonia 


Weak misle ione world's first three-parent baby was produced using spindle transfer technique 


Dystonia Ataxia 
involuntary muscle problem with 
contraction movement & balance 


pronuclear 


transfer technique this technique involves formation of a new 
: embroy using pronuclear DNA of intended 
of having parents & healthy mitochondria from 


three-parent baby donor mother 


provides energy to cell 


was tried before 
the MST technique 


converts energy from food 
into a form that cells can use 


there are hundreds to 
thousands of mitochondria one embryo from egg of intended mother & second from donor's egg 
in each cell 


donor's embroy is enucleated to insert intending parents pronuclei into this 


child inherits it exclusively 
from mother 


eS SS 
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Mitochondrial Spindle Transfer 


where repair is done before fertilization 


Mother's egg 


Unhealthy 
mitochondria 


e Mother's nuclues 
Mother's nucleus placed inside donor's 
Nucleus from Mathers SN egg & fertilized 
egg removed 
Healthy | 


Mitochondrial diseases 


mitochondria 
Donor's egg Leigh's disease Epilepsy 
sey S 
hi 
e» Failing eyesight Deafness 
Donor's nucleus Barth syndrome 
Donor's nuclues removed 
destroyed Progressive infantile 


poliodystrophy 


Parents' 
fertilized egg Pronuclear Transfer 
where repair is done after fertilization 


Unhealthy 


mitochondria 
Parents' nuclear 


Parents’ nuclear material placed inside 


material Parent's nuclear donor's egg 


material removed (e) 


Donor's fertilized egg 
fertilized by same father 
as above 


Healthy 
mitochondria 


ZY 


Donor's nuclear 
material 


J^ 
`a 
Donor's nuclear material 
removed & destroyed 
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DNA Fingerprinting 


Í DNA ofan individual is is 
gu composed of. 


zT. 


Bases 


YR 


Nd ums 


Sugar phosphate 
backbone 
A T base pair 
GC base pair 


AEN Diagram 


Genetic markers are used for 
wildlife DNA forensic analysi 


for criminal identification 


to identify mutilated remains 


lores pee 1 
Uses of DNA | _,'0 resolve disputes of 
? ; maternity/paternity 
fi E ETRS 
to identify racial groups to 
rewrite biological evolution 
to trace lost/exchanged babies 
in hospital wards/labor rooms 
to make a profile of 
immigrants for various reasong 
a specific DNA sequence 
Fa AS. with a known location on 
What i is Genetic a chromosome 


used as a tool for linkage 
& association studies 


it is a 
technique 7 it is known as DNA 


8 e typing or DNA profiling also 
of determining 


DNA analysis intendes to 
indentify a species, rather than 
.an individual is called DNA 


an individual's 
DNA characteristics 


it is used to identify an individual from DNA sample barcoding 
because nobody shares his DNA pattern with others individuals 


the genetic information contained in DNA transfers to next generations 


among humans, about 
99.994 of the DNA is same 


is genetically unique 


every individual 


the remaining 0.196 of genetic 
variations are used to identify 
individuals 


except identical twins 
DNA in all individuals has the repeating sequences 


every individual inherits these sequences from his parents 


this is done with technique 
using 'gel electrophoresis' 


in the Polymerase 
PCR Chain Reacti 
very first step ae 


it can be sample of blood 
hair root, saliva, bones, 
semen, teeth or tissue 


DNA is separated 


form a given sample 


DNA fragments from sample are multiplied using PCR 
multiple DNA fragments are then split into different visible bands 


the band patterns thus obtained are unique & com ared using softwares 


the technique of 
DNA fingerprinting 


CCMB Centre for Cell & 
Molecular Biology 


was invented 


in 1984 in India, this technology was 
by Alec Jeffrey introduced by Dr. Lalji Singh & 
E: Dr. V.K. Kashyap of CCMB, 
he developed this in U.K. at Leicester University Hyderabad i: 


currently, there is no legal mechanism for this 


Law Commission has drafted Human DNA Profiling Bill 


this Bill is related to regulation of DNA-based technology in India 
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DNA related terms 


DNA fragment 


the DNA markers are 


for assessing genetic with known location known as molecular 
linkage maps markers or genetic 


in the genome markers also 


in assessment of 
genetic diversity 
DNA markers occur 


in identification in marker-aided abundantly throughout 


ot wild species selection markers are related to variations in DNA fragments the genome 
to study crop it can be used in DNA hybridization or restriction mapp ing 
evolution 
it helps in identifying many hereditary diseases & their genetic causes 
© Markers are of four types & the DNA markers 
DNA m P is one of th [ are insensitive to 
marker i e four t 
LOI gNETOTM DNA barcoding environment 
: Human Genome Project was 
is a method Started in 1990 & was 
used to identify completed in 2003 this is a 648 base-pair 
Morphological Biochemical . 2 region in mitochondrial 
marker marker an organism to species cytochrome c oxidase 1 
AERE 'COr' 
Cytological DNA marker barcodes are used to identify unknown species also Bene 


marker i A. ] 
mtDNA is the most commonly used barcode region in animals 


Human Genome Project, a scientific research Project, is based on this 


Mp ; Kary B. Mullis won 
it is a technique Nobel Prize in Chemistry 
in 1993 for his this invention 


identifying identifying used to make 
plant leaves pollens multiple copies of 
identifying identifying products : 
insect larvae in commerce BAD Nesseemen utah 
it amplifies specific DNA target from DNA molecules 
identifying diet of an F i ] 
animal based on its it was identified in 1983 by an KB Mullis - a US biochemist 


Stomach contents 


polymer chain reaction is a key step in DNA fingerprinting technology 
E 


Centre for DNA Fingerprinting & 
Diagnostics 
gel electrophoresis UV | e MAE 
oe iolet 
it is an autonomous body technique is used for 
separating US | United States 


DNA fragments 
CDFD is funded by Department 


of Biotechnology according 


to molecular size 


it is located at Hyderabad in 


the molecules are pushed by an electri 
Telangana State of India P y ric field through a gel 


matrix of gel contains pores & the molecules travel through the pores 


DNA hybridization is a technique used to measure degree 


of genetic similarity between pools of DNA sequence gel bearing DNA segment glows in UV light & hence, DNA location is found 


Dr. Norman Borlaug 


the man who led the world into 
an era of High Yielding Varieties 


Why to 
modify DNA? 


it is the genetic make up of an organism 
& its interaction with environment that 
determines its characteristics 


genome is the genetic make up of an 
organism 


genes lying in the regions of DNA, carry 


instructions for making proteins 


it is the proteins that give a plant its 
characteristics 


therefore, modification is required to be 
done at DNA level to introduce desired 
traits in a plant/animal 


Use of bacteria/virus 


for gene modification 


the gene of interest is transferred into 
the bacterium/virus 


the cells of bacteria/virus then transfer 
the new DNA to the genome of 
plant cells 


after successfully taking up the new DNA, 


the plant cells are then grown to 
develop a new plant 


Agrobacterium tumefaciens 


is the bacterium commonly used for 


GM plants 


—— NE 


GM Crops 


GM crops 
refer to various 


crops varieties 


with modified genes 


these are created by inserting desired genes in plants 
this is done by inducing some changes at DNA level in plant cells 


new plant seeds that are thus produced inherit characteristics of new DNA 


E SNS SN 


it involves 


this is to make plants resistant to 
a particular disease or change 
the way plants grow 


adding a specific 
Stretch of DNA into 


the plant's genome 


this gives the plant some new or different characteristics 


so, new plant seeds would have characteristics of new modified DNA 


the surface of 


a small 
metal particles 


many viruses & bacteria 
transfer their DNA into 

a host cell as normal 
part of their life 
cycle 


are coated with the 
relevant DNA fragment 


then these particles are bombarded into plant cells 
the other method is to transfer DNA through bacteria/virus 


Agrobacterium tumefaciens is commonly used bacteria for GM plants 


DNA transfer can 


happen naturally also 


but on rare occasions 


sweet potato is an example in which it did happen 


it happened 1000s years ago from bacteria 'Agrobacterium' 


mutational breeding genome editing 


seeds are exposed to chemicals making specific changes to 
or radiation DNA by repairing/editing 


other ways to change the 


genomes of crops include 


GM Crops 


Golden Rice 


Sill not been permitted in India; 
but it has been approved in US, Canada, 
Australia & New Zealand 


—M M M M À—9 ————À 


D.-carotene 
B -carotene is an anti-oxidant 


human body converts | B-carotene into 
Vitamin A 


it is an organic, strongly-coloured, red- 
orange pigment abundant in plants 
& fruits 


Golden Rice - a solution 
to Vitamin-A Deficiency 


B-carotene is found in green tissues of rice 
plants, but it lacks in edible seeds of rice 


Vitamin-A deficiency is a leading cause 
of child mortality & may lead to 
blindness also 


two B-carotene biosynthesis genes are 


transferred in to the Golden Rice & 
this addresses the problem 


the two genes in 


golden rice 


psy ctrl 
phytoene synthase phytoene desaturase 


taken from daffodil taken from soil bacterium 


Erwinia uredovora 


controversy over DMH-11 is that it may affect 
health & pollinating agents including honeybees 


— w 
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National Dairy 
NDDB | Development 
Board 


0 DMH-11 has been developed by gene 
modification in Brassica juncea - a mustard 
species 

© its development involves three genes c&- 


International Rice Research Institute 
golden rice IRRI | HQ : Los Banos, Philippines 
is a rice variety Founded in 1960 


it is developed through 
genetic engineering & 
can be grown like 
ordinary rice 


developed by IRRI 


& its national 
research partners 


beta-carotene gives 
golden colour 


it is to address the issues of Vitamin A deficiency torce 


Vitamin A deficiency is affecting children & women globally 


Golden Rice contains beta-carotene which is converted to Vitamin A 


the Bt-cotton gene was taken from 
; soil bacterium 'Bacillus 

Bt-cotton is a E 
thuringiensis 


genetically modified 


crylAc produces toxins when 
ingested by bollworm & 
dissolves the gut lining 
leading to the death 

of bollworm 


pest resistant 


plant cotton variety 


Bt-cotton plants are modified by the gene crylAc 


crylAc gene produces toxins which plant normally could not 


N 


commercial cultivation of 


€ Fruit & Shoot Borer Bt-cotton is allowed in 
- an insect in brinjal India 


an FSB-resistant 


Bt-brinjal is 


transgenic brinjal it is Bt-gene, 


crylAc 


it contains its own FSB-resistant mechanism 


the gene & its transfer in brinjal is same as in Bt-cotton 


Bt-brinjal cultivation is allowed in Bangladesh, but not in India 


the project was funded by NDDB 
- the biggest producer of 'Dhara 
Brand' edible oil 


Mustard plant 

is self-pollinating plant 

as it flowers have both 

female & male 

reproductive 
organs 


GM mustard is 
a genetially modified 


variety of mustard 


developed in India 


but there is no 
hybridization system 
in mustard plant 


it is India's first 'swadeshi' genetically modified crop 


it is named as Dhara Mustard Hybrid-11 (DMH-11) in India 


it is the hybrid variety of mustard developed only to get higher yield 


© Barnasc gene confers male Sterility 
9 Barslar gene restore its ability to produce fertile seeds 


© Bar gene enables it to produce an enzyme responsible 
for Glufosinate (a herbicide) resistance 


BANGLADESH 


The first country in South Asia to allow commercial cultivation 
of any Genetically Modified food crop 
'Bt-Brinjal' in 2013 


MÀ  e 


Plant/Crop Bt-Brinjal GM Mustard 
Transgenic ee | Barnase, Barstar 
gene m & Bar 


FSB resistance 


Golden Rice 
though recommended, 


but still not allowed in 
India 


Bt-Brinjal 
a moratorium was put on 
the cultivation of Bt- 
brinjal in India 


Bt-cotton 
the first & only transgenic 


crop approved in India 
so far 


GM-mustard 
put into box despite 


approval by GEAC 
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GM Crops in India 
Arguments For 


Tobacco Tomato 
1% GM crop in 1st GM food 
the world crop in the 
world 
Bt-Brinjal Bt-Cotton 
1st GM food 1sl GM 
crop introduced commercial crop 
in S. Asia allowed in India 


GM 
Mustard 


i 


the 1st indigenously developed 
GM crop in India 


WHO 


was established on April 7, 1948 - the 
day is known as 'World Health Day' 


WHO has its HQ at Geneva in 
Switzerland 


was established in 1945 


a specialized agency of UNO that works 
to fight hunger & promote food security 
by improving agriculture 


as GM crops GE | Genetically Engineered 


give more yield GE maize yields about 


5% to 25% higher than 


S ay d non-GE maize 


enhance food security 


even GM crops are more resistance to pests/diseases 


the growing of 


Bt cotton in India 


has proved 


previously, India was 
very much successful 


a net importer 
of cotton 


it has transitioned India into a cotton exporting nation 


India, being 
one of the largest 


agricultural country 


is a net importer of edible oils 


today, edible oil is the third biggest imported item in India 


GM mustard cultivation will increase oil seed production in India 


DMH-11 is India's 
indigenously developed, 
GM hybrid variety of mustard 


some people argue 


that GM crops are 


environment friendly oco has agn 


substantial saving 
in pesticides 
in India 


GM crops reduce farmers' dependence on pesticides 


it has been 


confirmed that wiol World Health Organization 


foods derived 


from GM crops are Food & Agriculture 


FAO Organization 


safer & nutritious 


organizations like WHO & FAO have confirmed this 
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GM Crops in India 
Arguments Against 


dependence 
on GM crops 


RA ne AN. GM | Genetically Modified 
genetic contamination 


Prof M.S. Swaminathan 


the Father of Green Revolution in India; 
hc is an Indian geneticist 


of environment 
& other living species 


this has happened 
in United States 


Genetic uantum of this damage cannot assesses in advance 


contamination 


reports tell that it has caused harm to butterfly population 
genetic engineering allows the YU UE 
alteration/modification of genes in 


various organisms 
any toxicity in 
genes of such genetically altered GM seeds may cause 


organisms may enter into the natural LE 
: : contamination of foodstock 
organism 


at molecular level 
this may cause, what we say 'genetic , a4 

d ; y Er this toxicity factor may have long-term effects on health 
contamination’ of natural organisms 


it may cause antibiotic resistance/cancer/reproductive problems 
this may affect ecological system thus 
causing serious disruption in 
genetic diversity 


reports reveal that it may cause accelerated ageing & immune disorders 


| United States 

USDA Department of Agriculture 
farmers may 

be forced to buy 


Genetic 


Modification seeds from companies same is the case 
of price of Bt 
Cotton seeds 


in India 


it refers to any addition, elimination or x Sead of seeds 
alteration into the gene characteristics grown in their fields 
of an organism 


this may add additional burden on marginal/small farmers 


it introduces changes at DNA level in USDA data reveals that it increased per acre cost of com & soybean 


an organism herbicide tolerance of some GM crops has increased the use of herbicides also 


this enables us to produce plants/animals 
of desired attributes 


the genetic 
manipulation of 


various plants 
has broken through 


it is 


dry GEAC Genetic Engineering the natural barriers 
l approves GEAC Appraisal Committee 
GM crops in 


it changes characteristics of an organism in such a 
way that the nature could never have allowed to do itself 


India 
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it is to cultivate 


plant cells, 
tissues or organs 


First Green Revolution 
2nd Green Revolution is the 
era of custom-designed 
crops 


in India 
under controlled 


environmental conditions 


it allows regeneration of entire plant from a single cell 


Started in Purpose 
" i tissue culture has key place in the second green revolution 
1965 Focused on a - 
to make Py 
India self- ay 
sufficient in ans rem € 
i anana, tomato etc. 
foodgrains micropropagation 
introduction of increased use of is called, in vitro 
HYVs fertilizers & ; 
ER clonal propagation 
irrigation E they are called 


: lon 
through tissue culture ENDE RR 


it is a common technique for rapid multiplication of plants 
genetically identical copies are multiplied using asexual reproduction 


this technology has helped producing many food plants on commercial scale 


on the basis of in-vitro Callus Culture 
growth, plant tissue 

cultures are of two 

types Suspension Culture 


Second Green Revolution 
in India Types of 


tissue culture 


callus is 
referred to an 


undifferentiated mass 


NIS. r her of actively dividing cells 
2005 Focused on to increase 
agricultural 
yield 


Expl any plant part taken 

xplant | for tissue culture 

Sustairiable modern 
practices biotechnology 


single cell or 
small group of cells 


L———— A oA o! 
are kept suspended 


in a liquid medium to grow 


In-vitro culture à 
suspension cultures grow much faster than callus cultures 


it is otherwise known as 'cell culture' or 'cell suspension culture' 


Tissue culture is sometimes referred to as 
in-vitro culture 


. Totipotenc 


this technique allows maintaining cells 
outside the body of an organism for a 
considerable period 


a callus tissue is 
totipotent as it can 
regenerate back to a plant 


it refers to the genetic potential 
of plant to produce the entire plant 


it is the potential in cells of an adult organism 


all cells that comprise callus mass are called totipotent 
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Importance of 
Tissue Culture 


many plants 


Haberlands 
a German botanist who is 
known as the Father of plant 
tissue culture 


can be produced 
uickly by using the 


many plants can be grown 


callus culture in a very small space 


or culture of explants 


thousands of plants can be produced from a single tissue 


even, orchids can be expanded very fast using the shoot-tip culture 
à plants can be grown round 
the year irrespective of 
weather or season 


Shoot-tip Culture 


it allows to know 


how do simple 
cells differentiate to 


a clear understanding of 
mitosis & meiosis is 
possible in this 


cultured meristem & shoot tips grow out directly 


become specialized ones 
into multiple shoots 


to perform special functions 


shoot tip culture of many plant species can it helps to know what changes a cell undergoes during culture 


successfully be used for micropropagation 


inter-relationship between two cells can be studied in tissue culture 


this culture is used to produce virus free plants as 
a plant may be infected with a virus, but meristem 
is free of virus 


Shoot tip > 


(apical meristem) _ e, 


such plants show 
genetic variance 


tissue culture 


culturing of meristem of banana, sugarcane, potato 
etc. has been done successfully 


allows to obtain 
new plant variants by 


Metabolism 


metabolism involves chemical reactions required 
to maintain living state of cells in an 
organism 


tissue culture 
technique has been 


like glucose 
metabolism & 
nitrogen metabolism 


‘catabolism' & 'anabolism' are two types of 
metabolism 


disease free plant variants 
can be developed in a 
healthy environment 


it allows to grow healthy plants 
Catabolism Anabolism 


t ! 


breakdown of molecule synthesis of compounds 
to produce energy required by cells 


it helps to keep a virus free stock of seed 


it helps to know about some hereditary diseases this is true in case of 


potato seed industry 


OT a aa ae 
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Tissue Culture in India 


Major plants tissue 


cultured in India 


Banana 
Strawberry 
Anthurium Lillium 
Orchids 
Date Palm 


Bamboo 
Teak 
Sugarcane Pineapple 


Pomegranate 


National Seeds Corporation was 
established in 1963 


it is under the administrative control of 
Ministry of Agriculture & 
Farmers Welfare 


under NSC, eight farms in different agro- 
climatic zones undertake the seed 
production program 


to promote the to coordinate certified 


seed industry seed production in 
in India India 


New Delhi Bhopal 


Secunderabad Suratgarh 


————————————————————————À—— 


Department of Biotechnology established 
in 1986 


is a department under the Ministry of 
Science & Technology 


it works to promote large scale use of 
biotechnology in India 


Potato 


Gerbera 


Plant tissue culture has emerged as a useful & important biotechnology and commercially 
viable tool to multiply elite varieties of high quality, disease free & high yielding plants 


India is such 
a country where 


agriculture 
has a major role 


in terms of both 
GDP & employment 


many plants can be grown 
in a very small space 


without pushing up its agriculture, India can not excel 


a promising field like tissue culture may help India's agriculture 


National Seeds 


NSC Ltd ; a. 
: tion Limited 
NSC Ltd is a Corporation 


miniratna company NSC Ltd. was 


wholly owned by established in 1963 


the government of India 


it undertakes production of foundation & certified seeds 


NSC is also involved in the production of tissue culture plants 


National Certification 

System for Tissue 
NCS-TCP Culture Raised 

Plants 


it was set up 


under the 
Seeds Act 1966 NCS-TCP was 
established in 2006 
by Department 
of Biotechnology, India 


it ensures production of disease-free tissue culture plants 


there has been no major virus outbreak since NCS-TCP's inception 


Ea 


tissue culture 


Started at 
commercial level 


in India, present gross 
installed production 
capacity is about 

500 mn plantlets 

per annum 


in 1987 in India 
there are about 200 tissue culture companies in India 
present tissue culture market in India exceeds over Rs.500 crore 


demand for high quality, high yielding, disease free plants in on the rise 


in labs irrespective of the weather/season of the year 


T_T : Science & Technology 


Germplasm 


germplasm is 


a living tissue 


in-vi from which it may be a leaf, part 
A me l b of stem, pollen or 
i i wn 
live animals cryo-conserved plants caniocigro cultured cells 
materials it can be a seed or any other part of the plant 
PAN > semen ; FE i pg : 
0 oocytes it contains information for a species' genetic make up 
in-situ ex-situ 0 embryos > —U 
innatural in artificial 0 somatic cells it is a valuable natural - 
habitat environment resource of plant diversity 
9 zoo 


simply, it is the 


9 research institute etc. 
conservation can be either 
in-vivo or in-vitro 


collection & storage of 


germplasm of a 
species for use in future 


Methods of Ex-situ 


Conservation : ere A : 
it allows to preserve the genetic diversity of plant species 


this practice starts in about 700 B.C. in countries of India & China 


Seed Gene Botanical 


germplasm provides raw material (genes) to develop future crop varieties 


Bank Gardens 
In-vitro Field Gene 
Storage DNA Polla Bank 


Storage Storage 


loss of the 
genetic diversity 


even large scale 
deforestation is causing 
losses to plant varieties 


among plant species 


Genetic Diversity 


requires conservation 
Sur RE XI some of the i i i 
menctic diventiy refers to the diversity Species are going extinct or are threatened 
within species of plants is required to keep ecosystem functioning 
genes of each individual species are the 
source of its unique features 


in-situ 
genetic diversity is known as genetic conservation 
variability also i x 
1s on-site 
adaptation to changing environment has conservation 
caused genetic variability in natural habitat 


it can be either by cleaning up the habitat 


or by defending species from various predators 


Ecosystem 


includes all of the living things in a given ab : 
Lr UE 8 this is a method of offsite conservation 


area interacting with 
0 each other & 
0 non-living environments 


various endangered species are kept in safer environment 


there are various methods of ex-situ conservation like botanical garden 


or? 


Esencia : Science & Technology 


Germplasm 


Approached for in- 


vitro conservation it is a method of 


conservation 
of germplasm in 


Cryopreservation Cold storage non-conventional way 


Low-pressure, low in this, various explants are grown on some medium 


oxygen storage 


plant shoots, meristems & embryos are ideally suited for this 


Why liquid nitrogen is used 


in cryopreservation? 
the in-vitro 


liquid nitrogen is used in cryopreservation method allows 


because of its very low temperature 


preserved germplasm can 
be protected against 
natural hazards 


preservation of large 
quantities of genetic material 


at this ultra-low temperature, metabolism in a relatively small space 
rate become 'zero' & the cell division 


almost stops to occur it makes the preservation possible in disease-free environment 
from the preserved gene stock, plants can be grown whenever it requires 


this is required for storing the cells for a 
longer period of time 


x 


this refers to 


an ultra-low temperature 
of -196°C where gas 
becomes liqueified 


preservation in 


Cryoprotectants the frozen state 


genetic material is k 


ept at cryo temperature 


Cryoprotectants are chemicals that are used 
during cryopreservation to protect the 
viable cells from damage during 


this is 'zero' metabolism state where cell-division stops 


freezing & thawing 
the common cryoprotectants are in-situ 
conservation 
is on-site 
Glycerol Sorbitol conservation 


Proline in natural habitat 


Dimethylsulfoxide 


it can be either by cleaning up the habitat 
——————————————— Ó T 


or by defending species from various predators 


LPS | Low pressure storage ^ [og | Low oxygen storage 


it is suitable for cultured plant material 


Cold storage 


germplasm of some plants are stored at low, 
non-freezong temperature 


in LPS, atmospheric pressure around culture is lowered 


at this temperature, growth of plant 2 ; 3 
material is slowed down in LOS, inert gases are combined with C to create low O2 pressure 
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Biofortification 


it refers to 


the process of enhancing 


Biofortification is a 
deliberate action 


the nutritional 


Biofortification Conventional Sali ty o PISOd Cro ps 


fortification 


i i 


conventional selective breeding is one of the ways for this 


raising the raising the the other way of biofortification is using genetic engineering tools 
nutritional level nutrionial level - 
during plant growth through manual means Š 


a — — 


biofortification 


Hidden Hunger is a promising 


intervention today 


Vitamin A, zinc & iron are 
the micronutrients whose 
deficiency is commonly 

that can reduce prevalent in diet 


hidden hunger globally 


hidden hunger is a condition 


it occurs where people consume diet which 
lacks essential vitamins & minerals to keep 
them healthy 


calories of many staple crops disguise an invisible hunger 


deficiencies in micronutrients may cause irrepairable damage to body 


biofortification of staple crops is an effective option to combat undernutrition 


worldwide, over 2 million people suffer 
from hidden hunger 


biofortification, Six staples on which 


India is focusing 
in India, is done 


Effects of deficiency of exclusively through 


micronutrients selective breeding 


in India, the current focus is on the six staples 


biofortified millets, rice & wheat are available in India 


blindness Stunting oars 
mental learning consuming this variety of 
retardation disabilities SRLS: millet, iron-deficient 
low work premature it is the first MEET absorb 
capacity amm twice the amount 
p iron-rich pearl millet of iron form 
this variety 


released in 
2012 in Maharashtra 


RDA | Recommended Dietary Allowance 


in 2013, this food grain was released all over India 


Objectives of 
Biofortification 


100 gm of Dhanashakti can provide 100% of RDA of iron 


to improve 
IARI has developed some vitamin & mineral rich crop varieties 
pn oil content & Vitamin A Vitamin C 
& quali i : : Iron & Calcium Protei Tes 

qe ipe quality enriched carrots, enriched tomato, j ELA CIN Vitamin A 
Vitamin micronutrient : ; enriched spinach enriched beans & Animo Acids 

spinach & mustard, bitter & bath > \ i 
content & mineral content pumpkin gaurd, bathua athua garden peas enriched maine 
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Speed Breeding 


a new technique of 


growing wheat 


that can enhance the production this is 
of wheat by up to THREE times world's 1st 
speed breeding 
technique 


has been developed 
by Australian scientists 


to grow wheat crop on Earth 


Australian scientists were inspired from NASA experiments 


Australian scientists belong to University of Queensland in Australia 
= 


* is a high-yielding wheat variety of 
Australia 


* the variety has excellent triple rust it was about 
resistance using continuous light on wheat 
* is a high-protein milling wheat 


À : i tion in plants 
* is tolerant to pre-harvest sprouting to trigger early reproduc P 


& thus enhancing production by three times 


* light-emitting-diodes 
* LED converts electrical energy into 


by using speed breeding in 
specially modified greenhouses 


light : 
* more energy efficient as they require can be grown in one year 
less power to light up SIX generations of 


“the research is 
‘DS Faraday Y: 


* LED bulb was first produced in 1962 


wheat, barley & chickpea 


FOUR generations of 


canola plants 


* to optimize photosynthesis in specially designed greenhouses plants grow under 

* light emitted by LEDs at specific 
frequencies accelerate plant growth 

* specially-tuned LEDs are used to 
emit light in far-red spectrum at a 


high intensity 


controlled climate & 


extended daylight conditions 
providing LED lights 22 hours/day 


area under cultivation is shrinking 
& the world population is increasing 


I3 


- is between red & infrared light | 


food security is a cause of worry worldwide 


this new research can provide effective solution to it 


— >s 


Nitrogen Fixation 


ANV. 


Nitrogen in air 


7 A 
Rhizobia (soil bacteria) fixes 
atmospheric nitrogen (N 2) into 
ammonia (NH 3) for use of plants 


Biological 
Process 


: 


N2 is converted 
into NH3 by 
Nitrogenase 


x 


produced by 
certain micro- 
organisms as 
0 cyanobacteria 
6 azotobacter 
0 rhizobia 
9 more 


Haber-Bosch Process 


— 


IN2 + 2H2 —®2NH 3 + Heat 


Esencia : Science & Technology 


Biofertilizers 


biofertilizers are 

nitrogen in atmosphere 
is highly inert & 
non-reactive 


microorganisms 
which enrich the l 
Rhizobia is a soil bacteria 
that fixes atmospheric 
nitrogen 


nutrient quality of soil 


bacteria, fungi & cyanobacteria are used as biofertilizers 
bacteria & cyanobacteria have the property of nitrogen fixation 


mycorrhizal fungi withdraw the minerals from organic matter for plants 


plants cannot 


use nitrogen 


ume : this is required to make 
as it is available 


amino acids, proteins, 
nucleic acids etc for 
plant growth 


in atmosphere 


plants use the ammonia form of nitrogen 


Non-Biological this process is mediated by nitrogen-fixing bacteria 


Process 
i in legume plants, bacteria fix nitrogen & plants absorb that 
Natural Industrial other plants benefit from nitrogen released by bacteria after death 
Lightning Haber-Bosch 
Sgt Process 9 cyanobacteria are low cost 
nitrogen & it is known Cyanobacteria are the only biofertilizers & they add 
oxygen into the most as blue green algae photosynthetic prokaryotes organic matter also 
Nitrogen commonly to produce oxygen to the soil 
TI used artificial which has 
nitrogen the property of 
Nitrogen fixation property Aulosira, a genus 
Oxides react process nitrogen fixation in soil of cyanobacteria is the 
with water J p most active nitrogen fixer 
to produce s+. developer cyanobacteria produces an enzyme called 'nitrogenase' | °f tice fields in India 
Nitric Acid f i Y , 
which is e ‘nitrogenase' catalyzes breaking of covalent bond of nitro gen 
pics in 1918 this frees nitrogen to react with hydrogen gas to form NH3 (ammonia) 


NAUES 


it is a symbiotic 


association of fungus : ni 
it mobilizes phosphorus, 


iron, zinc, boron 
& other trace 
elements 


with the root 
of a higher plants 


mycorrhiza is an important potential biofertilizer because it supplies 


= = =e f E : moisture from 
Ammonica this biofertilizer is considered ideal for long duration crops far depth 
Cuprous fromate 


mycorrhizal roots show woolly growth of fungal hyphae on surface 
N2+H2 


Biofertilizers 


Nitrogen fixing prokaryotes 


ooi 
Free-living soil bacteria azotobacter 


rhizobium 


in associative 
relationship with plants 


puo un ——  ———— 
rhizobium is a nitrogen- 
fixing bacteria 
it lives symbiotically with 
legume crops 


can live freely in soil, but 
can not fix nitrogen 


can fix nitrogen only when 
present inside root nodule 


we 


Leghaemoglobin 


it is an oxygen carrier protein 
somewhat similar to haemoglobin 
in blood 


it is produced as a result of symbiotic 
association between bacteria & plant 
its protects nitrogenase enzyme from 
denaturation, if exposed to oxygen 
in atmosphere 
on the other hand, it supplies adequate 
oxygen to bacteria for respiration 


m 

—ə are microbial inoculants of 
bacteria algae & fungi 
help nitrogen fixation for plants 


help build up soil micro-flora & 
improving soil health 

include organic fertilizers also like 
manure 

improve soil fertility in organic 
farming 


EL 


bacteria that 
lives around the 
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bacterial group lives partly 
within the root & partly 
outside 


roots of higher plants 
this phenomenon is 


known as associative 
symbiosis also 


without forming 
any intimate relationship 


this association is often called rhizosphere association 
bacteria take food from plant & fix nitrogen that the plant uses 


Azospirillum is such a bacteria which is good for wheat, rice, maize etc. 


these bacteria rhizobium lives symbiotically 


with legume plants whereas 
frankia lives symbiotically 
with non-legume plants 


form mutually 
beneficial association 


with the plants 


the bacteria get food & shelter form the plants 


in return, give fixed nitrogen to plants for their growth 


rhizobium is a very common symbiotic nitrogen fixing bacteria 


azolla is an aquatic floating fern, 
prevails in temperate climate 
suitable for paddy 


nitrogen fixing cultivation 


cyanobacteria form 


symbiotic association 
like cycad roots, lichens, 
liverworts, azolla (a fern) 


plants 


with several 
azolla-anabaena association is very useful for agriculture 


azolla can co-exist with rice plants & does not harm their growth 


these are special 
liquid formulations 


which contain desired 
beneficial microorganisms 


& special substances 
to increase their shelf life 


this is an update of the conventional career-based production 
career-based biofertilizers have short shelf-life of maximum 3 months 


liquid biofertilizer facilitates long survival of organisms in a suitable medium 


_ bloom 


Biotechnology 
& Environment 


Pseudomonas 
the first patented 
organism in the world 


in 1981, this genetically modified 
bacteria was given the patent 


right 


Sree ge vm on 


xor. 


07d 


dtu i 


a superbug produced by using 
Pseudomonas putida bacterium 


this genetically modified bacteria can 
degrade xenobiotics & other wastes 


EN xenobiotics are wastes 
Xenobiotics | from non-biological 
systems 


a rapid increase in population 
of algae in an aquatic system 


may occur in fresh water as well 
as in marine environments 


Pity I: discoloration of water may 
Algal — also occur resulting from high 
d density of pigmented cells 


some algal blooms are the result 
of excess of nutrients in water 


leads to decrease in oxygen 
content in water & may result 
in a dead zone in the sea 


0 biomining is the process of using 
microorganisms to extract metals of 
economic interest from rock ores or 


mine waste 
9 this may also be used to clean up sites 
polluted with metals 


bioenergy is 


biotechnology gives us new plant varieties 
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arene wable new fast growing plant varieties 
are crucial for more production 


& alternative i 
of bioenergy 


source of energy 


which bear more 
oil content & so 


biotechnology helps to produce quality plant varieties 


with biotechnology bioremediation is the use of 
microorganisms to process 


environmental pollution 


bacteria can be 
stimulated to be more 


effective in bioremediation 
various microorganisms have the capacity to remove toxins 


even with the help of biotechnology biomining has been improved 


It refers to 


the chemical 
modification made by 


an organism on 
a chemical compound 


it is used to convert toxic substances into bioproducts 


biotransformation is a sustainable way to clean up the environment 


it has substituted the 
need for 10-15 kg of 
some breakthrough in chlorine 


the field of biotechnology 


has reduced the use of 


various chemicals 
which are otherwise not good 


only 1-2 kg of hemicellulose is required to treat one tonne of pul 


, neem coated urea has helped to address problem of algal bloom 


soil treatment can be either in-situ or ex-situ 


various bacteria/microorganisms are used for the purpose 


: Science & Technology 
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Genetic Surgery 


genetic surgery 


: involves repairing it has brought the most 
Herbert Boyer| Stanley Cohen advanced options in 
rae of the gene itself ; ; ; 
the two scientisls who introduced gene ee ae 5 


discovery of gene cutting/editing has made it possible 


it involves curing diseases through gene repairing instead of taking pills 


— in 1970s, 
‘Caso: the scientists 
Cas9 

Poorna discovered the way 

It is an enzyme 

——Á! to splice genes defective portion means 

it snips through DNA like the disease causing 
a molecular scissor gene splicing brought forth the genetic surgery portion 


this does not interfere 
into the entire genetic 


the defective portion is then replaced with the healthy gene landscape 


gene splicing allows to cut defective portion of gene 


"RNA molecule in 


-  CRISPR-Cas9 
it is a component 
of CRISPR-Cas9 system gene cutting 
cgi ea Serer M OPE i is done with the CRISPR-Cas9 
it directs the scissor to a specific is a protein 
sequence of DNA to make the CRISPR-Cas9 CRISPR-Cas9 is more 
cut/editing 


- molecular scalpel accurate than the earlier 
techniques of editing 


CRISPR-Cas9 is used as a scissor to cut/edit genes DNA in organisms 


Gene spliemg tsa process By CRISPR-Cas9 has 2 main ingredients - Cas9 & RNA molecule 
Gene splicing | Which a portion of DNA is 
removed & inserted into 
th 
d Clustered Regulatory 
Interspaced Short 
it forms CRISPR | palindromic 
prokaryotes are single-celled the basis for Repeats 
P organisms without nuclear 
E ee membrane like bacteria & CRISPR-Cas9 


th i isms ae 
M Yom genome editing technology 


Cas is a CRISPR associated it allows to alter DNA sequences & modify gene function 


(ue CRISPRs are specialized stretches of DNA in genes of prokaryotes 
it was initially discovered in ; e: : 
1980s in E.Coli bacterium CRISPR sequences are crucial part in immune system of simple life forms 


CRISPR-Cas9 is a 
system of treating 
diseases at gene 
levels 


Cas9, known as Csnl also, 


is a Cas protein ws ant 
y it is an advanced gene-splicing method 


Cas9 is used in molecular 
biology in precision genome 
engineering it allows permanent modification of genes in living cells 


MC Ee MEINEN MEE CM EE 


this is used to treat genetic causes of a disease 


Genetic 
- uses & 


Genetic surgery is used 
to treat diseases like 


Sickle cell High cholesterol 
anaemia Huntington problem 
disease 


———————M — 


Two methods of . 
. gene cutting - 


Oe 


ex-vivo vivo 


Ex-vivo method 


CRISPR-Cas9 is an example of this; it is 
used to alter, delete or add DNA or 


gene 


modify the expression of genes 
in cells that are extracted 
from body or grown 
in culture 


Vivo method 


editing molecules are introduced into 


the body where they target cells for 


DNA alterations; TALENs & 
ZFNs are examples of this 


-~ TALENS ^^ 


Transcription Activator-like Effective 


Nucleases 


TALENS are fusions of transcription 
activator-like (TAL) proteins & 


a FokI nuclease 


when two TALENS bind & meet, the FokI 
domains induce a double-strand break 


which can 
9 inactivate a gene 
Ô be used to insert DNA of 
interest 


_ZFNs 


Zinc-Finger Nucleases 


are a class of engineered DNA-binding proteins 


—» facilitate targeted editing of genome 


Esencia : Science & Technology 


Surgery 


threats 


it is very 
helpful in treating 


a wide range L^ Somatic cells are sexually 
of medical conditions non-re productive cells 


i rganism 
in an effective manner of an org 


this technique help in editing the genomes somatic cells 


genetic surgery prevents passing of defective genes to offspring 


it is used to repair 


a defective gene in Jennifer Doudna 


a sperm or egg cell or who made the discovery 


of CRISPR-Cas9 


in a developing embryo 


this technique could change genetic makeup of humans 


parents could choose to design a baby having traits they like 


CRISPR-Cas9 
technique helps in 


modification in genome 


of diverse plant species 


plants can be tailored to strengthen their stress tolerance 
new plants can be developed with more disease/pest tolerance 


it can raise nutritional value in plants & develop short-duration crops 
this is important to 
address increasing 


nano-scissors thisrnay happen due to demand for food 
used for cutting any human/Statistical 
error f 
defected genes this may pose another 
serious illness in 
may cut other genes also a person 


any such mistake/error may alter the function of gene 


such 'off-target effects' in germline might persist for generations 


small error in germline editing may cause birth of a sick or deformed child 


OE i EE 
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CRISPR-Cas9 
in Cancer cure 


‘Sickle Cell Anaemia 


LÀ 
| Unaffected Father > Unaffected Mother the use of 
"Carrier T A ‘Carrier’ this technolo gy 


has been allowed 


for trials on ; 
Cancer nalient it is also undergoing 
paticn’s trials on sickle cell 


this is approved for trials in both USA & China AZ patients 
in India 


its trials are undergoing in India also in cancer patients 


Unaffected Unaffected 'Carrier' Affected 
lin4chance 2in4chance 1 in 4 chance 


T-cell are 
picked up from 


t Sickle Cell Anaemia 


cancer patients 
& modified using 


CRISPR gene editing tool 


a genetically-inherited disease 


round RBCs turn into shape of a 'sickle' 


the 'sickle-shaped' RBCs stick to each other 


this reduces the body's capacity to 
transport the oxygen around 


it passes to offsprings from parents only if 
both the parents are carriers of 
'sickle-cell trait' 


/ CRISPR-Cas9 


the modified T-cells are then reinstated into patient's body 


in patient's body, the modified cells target cancer cells & kill them 


Cancer types 


initially, the study 


Melanoma 
' Skin cancer 
Sarcoma 
Tumours that 
affect tissues 


Myeloma 
Blood cancer 


based on trials will focus 


on three types of cancer 


the three types of cancer are myeloma, sarcoma & melanoma 


T-cells ` 


are known as 'T-lymphocytes' 
'T-cells' are special type of immune cells 
found in the body 


they are a type of white blood cells 


they help in adaptive immunity, i.e. in 
tailoring body's immune system to specific 
pathogens 


'T-cells' mature in thymus glands 
whereas B-cells mature in 
bone-marrow 


CRISPR-Cas9 
h $ => 


CRISPR-Cas9 
gene technology was 


first described 


the first human trials using CRISPR started in China 


use of CRISPR-Cas9 can activate protein p-53 in human cells 


the protein p-53 can interfere with efficiency of CRISPR to cut DNA 


it is colorectal cancer, 
lung cancer. ovarian 
cancer etc. 


Studies suggests that it may trigger cancer also 


> i aa their cells with genomes edited by CRISPR-Cas9 could seed tumours 
| CRISPRa -cells to incre 
_ ability to recognize & kill cancer cells 


ae ee ee EE MEE 


CRISPR-Cas9 activate p-53 & p-53 mutations are cause of many cancers 
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CRISPR-Cas9 


bd 


Anopheles gambiae 
a primary mosquito vector 

—_—_—_ 

it is responsible for transmission of 
malaria in human beings 


Anopheles 


has been A.gambiae | gambiae 


used to create 


P. falciparum is a 

unicellular protozoan 
that causes malaria in 
humans 


—_ N 
it feeds preferentially on humans & is 
one of the most efficient malaria 
vectors known so far 


$$$ 
its larvae are able to develop quickly 
(six days from egg to adult) 


it helps introduce 


a gene mutation 


into human stem cells 
so, CRISPR helps in better modelling of a human disease 
CRISPR- 


Cas9 technology has widened the scope of stem cell research 


the researcher have created the first stem cells using CRISPR genome activation 


Powdery Mildew Fungus 


is a fungal disease that affects various 
types of plants activating a single gene 
can change skin cells 
infected plants display white powdery scientists in Japan into Stem cells 
spots on leaves & stem have found 
this technolo this is not possible to 
the lower leaves of the plant become ey nee ane the 
the most affected helpful in existing drug 
— fighting the AIDS therapies 
CRISPR has created a wheat veriety AE 
which is mote feaiseant à cuindt CRISPR-Cas9 can stop HIV-1 replication in infected T-cells 
powdery mildew fungus this technique disrupts two regulatory HIV-1 genes, called ‘at & rav* 


it is news that world's first gene-edited human babies were born in 2018 in China 


unu in these babies, 
cns b: ue um ü a gene for protein CCR5 
i al for replication age 
as CRISPR-Cas9 is of HIV-1 eee ae sir 
Ranger Russet Potato a complex of enzymes 
a potato variety developed using that finds, cuts & edits CRISPR has already 
CRISPR gene editing technology cad ean 
i ; ponds of wheat, corn & 
this variety of potatoes does not DNA in organisms potatoes 
accumulate sweet sugars at typical 


cold storage temperatures in farming sector, it can revolutionize plant/animals breeding 


CRISPR helps to develop crops that are resistant to diseases & drought 


Biotechnologist at University of 
California is using CRISPR to breed 
cattle without horns 


CRISPR-Cas9 may help increasing the nutritional properties of various crops 


CRISPR-Cas9 provides cure for cyStic fibrosis which is a hereditary disease caused by 
mutation in cystic fibrosis transmembrane conductance regulator (CFTR) gene... 


388 
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Genetic Surgery 


J 


- Ethical Issues 


Alleles 
ae 
an allele is a variant form 
of a gene only rich could 
Ay a 7 two alleles make up an I^ [ a afford the high cost eugenics is the science of 
Alleles individual's genotype Alleles of gene editing treatment improving population 
: 7 by controlled 
on the basis of alleles, an wealthy people could design babies with desired traits breeding 
organism can be either 


homozygous or 
AJ M heterozygous ^ y? 


so, this will indirectly reserve eugenics for the rich section only 


concept of 
designer babies 


Homozygous Heterozygous 
Organisms with Organisms with 
same alleles of the different alleles of 
gene the gene 


will reduce the 
Status of babies to 


a mere article/property 


gene alteration to have babies of desired traits is unethical 


Monogenic 
Disease 
monogenic (mono + genic) disease is a 
disorder caused by mutation in a 


single gene introduction 
Monogenic disorders are inherited of alleles with the 
according to Mendel's Laws unknown side-effects 
Some monogenic diseases are is another big risk 


this could be realized generations after initial gene editing 


Sickle cell Cystic so, such therapies must be vetted by proper institutional regulators 


disease fibrosis such therapies should only be used for addressing the monogenic diseases 


Polycystic Tay-sachs 
kidney disease disease 


a MM ts m t 


no new medical 


AT 


Mendel's Laws 


; technology/treatment 
that is perfectly 
safe for the end-users 


LAW OF SEGREGATION 
allele pairs separate or segregate during 
gamete formation & randomly 
unit at fertilization 


LAW OF INDEPENDENT ASSORTMENT 
States how different genes independently 
separate from one another when 
reproductive cells develop 


LAW OF DOMINANCE 
during cross between homozygous, a 
dominant allele hides a recessive allele & 
determines the appearance of an organism 


so is the genetic surgery that too has many risks involved 


considering this, it should be used only in case its benefits exceed risks 


some governments are in favour of this technolog 


Nigeria, where sickle cell problem is very severe, is keen in this 


Israel offers its citizens extensive support for parental genetic interventions 
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HGP 


Human Genome 
Project 


HGP Started in 1990 
allows scientists to know more about & was concluded in 2003 


the functions of genes & proteins; a 19-yoaniong HGP | Human Genome Project 
this additional knowledge would have international 
implications in the fields of research project NIH | National Institute of Health 
on human genome 
DE . ; : DoE | Department of Ener, 
Medicine Life sciences it was coordinated by NIH & DoE of America 9 ep EY 
cud ‘ : Japan, France, Germany, 
technology . UK & China joined; 
————— am . but India did not 
to identify participate in it 
Whati Genanit pi all genes in the 
i ai = human DNA/genome it was related to reading of genome 
it is a complete set of genetic material/ (HGP-read) only & writing or 
DNA ofan organism & determine | synthesization (HGP-write) 
-—-—-—-—-—-—-—-—- their exact sequence was not a part of this 


so, it is the genetic blueprint of every 


; i i i ase 
d to store all information of human gene in a datab 


in future, it would help scientists to build an artificial human 


each genome contains all information 
necessary to maintain & build an 
organism 


it was the 
first time that 
à . 
Gene sequencing is knowing human genome all (99.9%) nucleotide 
Gene Sequencing | the exact order of the base bases are exactly the 
pairs in a DNA segment has been deciphered same in all people 


total 30000 genes in human genome are identified 


function of ~50% of discovered genes are still not known 
Chromosome-1 has the 


Chromosome-1 ; 
maximum genes, i.e. 2968 Chromosome-1 has the most genes & Chromosome-Y has the least 


Chromosome-Y has the 
fewest genes, i.c. 231 


there are 1.4 million locations where the single base DNA differences occur 
Chromosome-Y ea 


\ these are known as 'snips' 
are thread-like structures 


Chromosomes containing DNA molecules human genome 
contains 
3164.7 million 

[2] ms ES dystrophin contains 

omosome 1-22 are - 2.4 million b 
jJ autosomes, different nucleotide bases Pe 
Female from x e oy Sek dystrophin is the largest known human gene the repeated sequences 
chromosomes > like AT-AT-AT or 
less than 2% of the genes i i GC: 
Q AE 0 genes in genome codes for proteins GC-GC-GC 


there are total 23 pairs 
of chromosomes in repeated sequences make up very large portion of human genome 
each human cell 


the sex of a 
child 


Female child 


Male child 


Human Genome Project (HGP) was the most ambitious project ever undertaken ; 
_ by human so far..,the project is eas as a major 1 milestone inhistory | it g 


Female has two 'X' chromosomes; 
male has one 'X' & one 'Y' chromosome 
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Project 
iti 
ig the HGP-Write is an 
extension of extension of 
; HGP-Read 
HGP-Read HGP-Write Human Genome Project oz 
1990-2003) 2016 onward 
( i ( | sey HGP-Read 
to determine the to write or create a which completed in 2003 mene rend p 
: : : t - 
sequence of genes synthetic human in June 2016, the scientists announced HGP-write project - prs 
in genome genome 
this project is related to write/create a synthetic human genome 
ag V wore including India, scientists from 15 countries have joined this proj 
p Vector-borne 


these are human illnesses caused by 


parasites, viruses & bacteria as this project 


is a successor 
of HGP-Read project 


these parasites/viruses/bacteria are 
transmitted into humans by various vectors 
like mosquitoes, bugs, flies etc. so, it is more 


ambitious than that itisto build’ & ten 


4 m. AA : one of its aims is to reduce cost of DNA segment in lab DEW vectes 
E 17% t. major vector-borne diseases 

ES E - 1 . . . . . . 

a 77^ d account for 17% of all infectious the other, but major objective is to synthesize DNA chemically 

P Y diseases 


this will revolutionize future lives by writing new ultra safe human genes 


can help understand diseases 


revealing particular gene 


responsible for a disease the various 


applications 
of HGP-Write 


identification of mutations 
linked to various forms of cancer 
viruses for vaccine development could 
include the following be produced synthetically & so, 
it will reduce the cost also 


helps better understanding of 
developmental biology - eggs to 


Fs £m m adults evolutionary process 1 i 
-——— V V 
- HGP-Re ; i S peeding up of the de elopment of vaccines 
A S Ed helps in devel ent of biology growing human organs for the purpose of transplant 


in various spheres providing new solutions for various vector-borne diseases 


to give genetic identity to humans , 
it may allow to produce synthetic 


vector genomes incapable of 
India is a hosting parasite/viruses 


party to this 


ambitious 


helps plan genetically modified 
diets 


treatment of genetic disorders 
through gene therapy 


ET 
of HGP-Write 


diseases like malaria 


roie seplacerent . this project may have many benefits for India Z engue ato: 


Gene therapy | of faulty gene by 


combating vector-borne diseases in India 
normal gene 


it may help 


it will provide Indian scientists an access to global resources 


9 Leishmamiasis 
© Sandfly fever 
(phelebotomus fever) 


Vector —> — Sandflies 
C Ses as es S 


Vector _» E Tsese flies p 


DSPE 
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Various Vector-borne Diseases 


Vector _» | 3 Mosquitoes x 


Aedes Anopheles Culex 


Y Y Y 
o Chikungunya © Malaria 0 Japanese encephalitis 
9 Dengue fever Lymphatic © Lymphatic filariasis 


0 Zika filariasis 0 West Nile fever 
o Yellow fever 

© Rift Valley fever 

© Lymphatic filariasis 


9k 


Triatomine 
» bugs 


Vector zy =» Vector _» 


0 Tularaemia © Chagas disease (American 


© Lyme disease trypanosomiasis) 
© Tick-borne encephalitis 
Relapsing fever (borreliosis) 
9 Crimean-Congo haemorrhagic fever 
9 Rickettsial diseases 
(spotted fever & Q fever) 


Vector 5 Vector : ESR ji i > 
aA >  Blackfles 


YR M ue Vr WIRE 


0 Sleeping Sickness 9 Rickettsiosis 9 Onchocerciasis 
(African trypanosomiasis) 9 Plague (transmitted by (river blindness) 
fleas from rats to humans) 
Vector —» Aquatic snails * Vector — Lice 


4 


© Schistosomiasis 
(bilharziasis) 


<a Se 


9 Typhus & louse-borne 
relapsing fever 
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; International Rice rice became the first cereal 
a public funded IRGSP | Genome Sequencing to be fully sequenced 
| UK S.Korca & international project Project 
| China which is related to private firms like 
Japan : , Monsanto, Syngenta 
USA — { k sequencing of rice genome & Myrial Genomics also 
: «— Taiwan participated in this project 
| Franog India 
Brazil Thailand 
Se Onza sativa grown in Africa, America, 
there are two P Asia & Australia 
there are 20 protein amino acids, out g : 
Amino Acids | of which 10 are essential, rice species of rice dose staperpima | Soma on small scale 
in Rice contains all essential ones that are domesticated a: in Western Africa 


except lysine p 
Oryza sativa 


& Oryza glaberrima 


of all common cereals, 
rice has the smallest 


there are three main varieties of0ryza sativa species genome 


3 varieties of Oryza 
_ Sativa species of Rice in this genome project, the gene-mapping of Japonica is done 


= SIGN 


rice is a staple food 
Indica Javonica of >50% of global 
opulation 
i out of 389 2859 genes are unique BP 
Japonica Kn ; 
mb in rice genome to rice and other cereals 


repetitive DNA is 
370.7 mb estimated to constitute 
have been sequenced at least 5096 of rice genome 


indica longer like Indian sub- 
basmati rice continent 
A temperate & 
Japonica shorter PR 
colder regions 


& 18.1 mb are unsequenced 


rice genome has ~ 40000-60000 genes, of which 37344 are coded 


x tropical GT INE ; ? Be 
. IRGSP & India DET |- pannen 
T i Quid AM TUN of Biotechnology Indian Initiative for 
Note: Japonica is high in amylopectin India joined IIRGS | Rice Genome 
Indian Council of Sequencing 


this in 2000 with a ICAR 


is a water soluble Agricultural Research 


: polysaccharide which commitment 
Amylopectin makes rice 'sticky' when it : the total cost of the i 
r ee of investment of rts for this purpose, 
1S coore project is about IIRGS was jointly 
Rs. 48.83 crores $200 million launched by both the 
; DBT & ICAR 
l India, alongwith USA, chose to sequence chromosome 11 
Why zx; er this project, in India, is undertaken by DBT & ICAR alongwith others 
oject? e: 


& ELLIS SESE N ES N 
mn cun Its ultimate goal _ 
Rice & other plants Rice is model food security of E 
have similarity at cereal crop rice consuming 


genetic level li societies 


to improve nutritional value of rice to identify genes that can 


be potential herbicide 
targets 


to bring more efficiency in the rice breeding 
small sized genome 


& genetic simplicity to understand the 


lant genome for further studies 
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Wheat Genome Project 


1 Wheat Genome it is an NGO, a 
i en : 
9 this is a project Internationa! Wheat —» | consortium of 
30% : 1 IWGSC Sequencing Consortium 68 naiots 
ee related to the 
Bread wheat is a staple food penome sequencing 
of 30% of global population ‘Chinese Spring' 
cracking of genome of bread white - a bread wheat variety 
was dieu task because IWGSC is a consortium that undertook this project 
: ia’ ject in the year 2010 

its genome has 17 Giga bases, it India's DBT became a part of the proje 
Bread wheat | È$ five times the size of human the wheat genome project started in 2005 & concluded in 2018 

genome & 40 times larger 

than the rice genome 

Re esl TM India joined 
NS Moore Ince the wheat 
DS E genome project 
is a variety of wheat that has evolved in the year 2010 T pn 2A 
in nature by natural crossing of repres K d 
three species India's DBT is representing India in the project d x eat 


a team of 18 Indian scientist is decoding the wheat genome 


India has been given the responsibility of sequencing chromosome 2A 


Triticum urartu Aegilops tauschii 
(eonkorn wheat) (wild goat-grass) Y 
Aegilops speltoides 
knowledge of the 
-- wheat genome sequence 
i ih will contribute 
E 20% È to global food security 


scientists would become able to modify plants as required 


Wheat is staple food & accounts for about 
20% of total calories & proteins 
consumed by humans 


disease-resistant & abiotic stress tolerant plant varieties can be grown 


worldwide 
International Maize & 
. CIMMYT | Wheat Improvement 
regions in wheat genome responsible for the wheat variety Centre, Mexico 
concentration of zinc in wheat grain have A 
been identified yai ne this gene is primarily 
been studied has 


responsible for zinc 
y va candidate genes involved in zinc oes m GPCI Renee heat 
In news concentration in wheat have also been known plant 


“about wheat? this is the highest quality wheat genome sequence 


this can help in developing wheat varieties 


; ; the reference genome has 94% genome coverage of wheat genome 
with enhanced levels of micronutrients 8 £ £ g 


it is also predicted that this variety of wheat has 107981 protein coding genes 


the study was done by CIMMYT, Australian 
university & Indian universities 


EM E EE 


N location of 1078921 genes & 4 million molecular markers has been found 


it would allow development of new varieties for the persons with celiac disease 


—À 
^ 


Dr. Stephen Richards 
- the man who, in 2015, lead the 
conceptual argument for sequencing all 
eukryotic life of Earth 


99.8% 


the genomes of 99.8% of all known eukryotic 
species on Earth are not yet sequenced 


Eukaryotes 
are organisms with complex cell/cells 


their genetic material is organized 
into membrane bound nucleus 


eukaryotes comprises 


jap Ne 


Plants Fungi 
NC. From 1990-2003 
c 
; Human Genome 
Project in collaboration between 


scientists from USA & UK 


From 2018 onwards 
—————————$ Earth 


D Biogenome 
17 organizations across 


the globe are participating MISI 
USA 
a —> European Union 
j — China 
fhe initiative is led by : 
a coordinating council (-—> Brazil 
vig members from _» Canada 
Australia 


Some African countries 


this is a 


this is to sequence the genomes of all known species 
this will help discovering many species hidden from science 


this 10 year long biogenome proje 


this is a $4.7 billion project 
> which has been launched 
unique & on Nov.1, 2018 in 


first of its kind London, U.K. 


the project will sequence the 
genetic codes of about 1.5 
million known species 


roject in human history 


ct will be completed in 3-phases 


the project involves ; 


there are three 
sampling decoding storing 
DNA of every known 

see species on Earth 


key objectives 


the human 
genome project 


one, knowing fundamentals of science 


two, conservation of species on planet Earth 


three, the ultimate objective is welfare of mankind 


it involves creating 
inventory of genetic 
information of life 
on Earth 


it involves 


protection of 
endangered species 


from threats of climate change 


this will help supporting them to adapt to climate change 


knowing genetic 
code for useful trait 


could reveal medicinal properties 


embedded in an organism 


it will also help protecting crop species from disease & drought 


: Science & Technology 
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Benefits of EBP 


data provided by 
Earth Genome Project J 

Prof Harris Lewin the project could bring 

T "e HOM would be a vital unbelievable/unimaginable l 

of University of California is the benefits to the whole humanity 
Chairman of Earth Biogenome Project new resource 
—M——— M M for global innovations like understanding 
à : : : of ecosystem & 
Earth Biogenome | it would boost excellence in various fields such as the l ane 
zPIOject 5 medicines, agriculture, conservation, technology & genomics of nature 
Kcy participating institutes Earth Genome Project will serve several critical needs of the time 
D MAC ipis y E. 
Wellcome Sanger Global Ant Genome 
Institute of UK Alliance, Denmark - Á 
p >: a new era in EBP | Earth Biogenome Project 
will provide will contribute human health sector 
sequencing genomes genomes of about 
of about 66000 200 species of will dawn soon 
species ants JS : i 
i it will bring new drugs to slow/reverse ageing 
: Earth ious inheri i will be addressed effectivel 

Ütgency or various inherited diseases y 
Genome Project new treatments to treat infectious diseases will come in future 


the factors underlining the urgency of 
Earth Biogenome Project are 


this will bring privacy of an individual may 
| É . be at risk if proper safeguards 
| Climate change Rapid decrease in new approaches not worked out 
biodiversity 
to feed the world there is possibility of 
TR : discrimination by employer 
many species Re 3/4 of world's it will enable to make change in plant genes ea aa b zem ui 
lying on the brink food needs depend : : +a: UN is DNA information 
Un wr E n a Sirene more resistant & yielding varieties 
3 misuse of genetic material ma; 
| PRENNE EL EN AE. I lead to unauthorized cloning 
keeping all this in mind, it is urgent to of anybody 


know the species, help them in the project is 
adaptation & protect them 


expected to give 


EBP is about 
massive boost genome sequencing 
Earth Genome Project is a to conservation efforts of all known eukaryotic 
m DNA-Read only project species 
. Nature of knowing species will help their better conservation 

CHE Pole so far, there is no proposal to ; i D 4 

synthesize/write new DNAs of as Yon 
| species EA 
this will help 


all data collected in EBP will 
be stores in public database 
& will be freely available 

for research purpose 


knowing biology 


instrumental drones can be employed for 


sample collection... they can go out, identify 
species & bring sample 


& evolution of life 


it will open a new era of biofuels & bio-materials 
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History/Timeline of Genomics 


First s Was Sanger & his team developed techniques 
sequenced by Fredrick for genome sequencing & mapping also 
Sanger = 


it allows determination of 
James Watson discovered DNA replication Dr. Hargobind Khurana & team 
double helix DNA structure EY | |." discovered codon of DNA* 
"à | p. Pp 
Erwin Chargaff found that Hershey-Chase confirmed that 
there is the same amount DNA is a genetic material & 
of A, T, C, Gin DNA* carries genetic traits 
Albert Kossel discovered Hans Winkler coined the term 
five nucleotide bases* Genome' 
Isolation of DNA by Chromosome 'theory of heredity' 
Friedrich Miescher was proposed; it identifies as 
carriers of genetic material 
* Five adenine O cytosine 0 guanine *ATCG o adenine [ thyamine 
nucleotide base | o thymine 0 uracil guanine 0 cytosine 


'codon' is a sequence of three DNA or RNA 
nucleotides that correspond with a specific 
amino acid ; stops signal during 

protein synthesis 


—————————.w Ako eee 


*Codon 
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History/Timeline of Genomics 


Earth Biogenome Project E^ launched from London 
launched on Nov.1, 2018 ~ 


Chromosome 22 became ] 
the first chromosome 1000 Genomes Project was 


sequenced launched* 


a collaborative effort of 
researchers of US, UK, China 
& Germany 


First bacterium genome hs l : s; 2018 i First cloning animal 'Dolly sheep' 
sequencing completed / 


T 
_-~ was born 


A Technique for testing embryos 
^ for genetic diseases was developed 


Human Genome Project 
was started 


Polymerase Chain 
Huntingtin disease* reaction developed 
genome mapped to a DNA profiling method was 
specific chromosome discovered* 


by counting the number of 
repeating DNA sequences at 
specific region of the genome 


an inherited disease that causes 
progressive breakdown of 
nerve cells in the brain 


process of determining DNA *Huntingtin 
characteristics of an individual disease 


*DNA Profiling 


a research effort to produce an extensive catalog of 
human genetic variation; this will support 
the medical studies in future 


Sc: Gane 


*1000 Genomes 
Project 


Esencia : Science & Technology 


Various Imaging 


Technologies 


Wilhelm Conrad 
Roentgen 


a German physicist who discovered 
x-Tays in 1895 


Bony structures appear whiter than other 
tissues against the black background of a 
radiograph. Why? 


Bony structures contain calcium, which 
has a higher atomic number than most of 
the other tissue. 


So, bones readily absorb x-rays & produce 
high contrast on x-ray detector...this 
makes bony structures appear 
comparatively whiter 


Barium meal used for evaluation of 


x-ray Stomach & upper small 
intestine 
Barium used to examine lower 


intestine tract of 


enema x-ra E 
y a patient 


Barium is used to improve the quality of x-ray images 


‘Radiography 


Conventional CT Scan 
image is Digital produces 
captured on an jt 2D//3D images 
X-ray sensitive unm with higher 
film screen E resolution 


captured on an 
x-ray sensitive 
film screen 


X-ray films are made up of silver halide crystals 
because those are radiation sensitive 


Godfrey Hounsfield Sir Peter Mansfield 
developed CT-Scan developed MRI 
in 1972 alongwih alongwith Paul 
Allan Cromack Lauterbur 


x-rays technology 


x-ray images are 


is an important E 
called radiographs 


diagnostic technique 


x-rays are widely used in radiographic testing today 
x-rays are used to get images of tissues & Structures in bod 


these are high energy waves which can pass throu gh the human body 


Computer Tomography is known 
as CT Scan or CAT Scan also 


CT uses x-rays 


CT allows scan of any 
part of human body 


in conjunction 


with algorithms to 
CT scans are generally safe, 
but the patient is exposed 

to x-ray radiation risk 


image the bod 
it generates 2D/3D image of an object using X-rays 


it allows images of many structures including blood vessels 


MRI | Magnetic Resonance Imaging 


one of the 


most common 
diagnostic techniques 


no x-rays are used 
in MRI & there is 
no risk of ionizing 
radiation 


around the world toda 


it creates images using strong magnetic field & radio wave 


MRI distinguishes between water rich & water poor tissues in body 


teeth & bones are not visible in MRI as they contain very less amount of water 


Ultrasound is 
another popular 


diagnostic technique 


which is widely in use it is used for obstetrical 


imaging; studying the 


all over the world foetus development 


it is used to capture live images from inside body 
in this technique, high frequency sound waves are used 


it is safer than x-ray/CT scan as it doesn't use ionizing radiation 


E CUM RU NMEEIEEEL IEEE 


Various Imaging 
Technologies 


Medical technologies 
Radiation-related risks 


P d cm 


Radiation-induced — Radiation-induced 
injuries to skin & 
underlying tissues 


cancers, may occur 
even later in life 


——————————————— 


Fluoroscopy | 
is used in 


barium 
x-rays 


lumbar 
puncture 


arthrography biopsy 


cardiac 
catheterization 


placement of 
iv catheters 


locating foreign 
bodies inside 


Commonly used tracer 
in Nuclear Medicine 


Thalium 


Technetium 


Iodine Gallium 


John Lawrence 


the Father of the Father of 
Nuclear Medicine Nuclear Medicine 
in India 


David Kuhl 
the person who 
developed PET in 1950s 


Dr. S.K. Majumdar 
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fluoroscopy 


is a functional 


imagin technolog in fluoroscopy, 
hollow tubes are 
inserted into vessels 


or arteries 


which uses x-rays 


it provides real-time moving images of internal structures 


it shows a continuous x-ray image on a monitor like an x-ray movie 


barium & iodine are used in this to increase the contrast of a specific tissue 


nuclear medicine is used to 


nuclear medicine study diseases related to 
heart, lungs, thyroid 
is an emerging branch | liver, gallbladder 
: : it helps to identify 
of medical imaging dendo earlier 
Stages 


it uses small amounts of radioactive material to diagnose 


nuclear medicine procedures are pinpoint molecular activity in body 


in this technique, various tracers are used to identify a disease in human bod 


a technique 


that uses nuclear 
medicines to produce 


three-dimensional images 


it uses radiation emitted by photon to produce images 


it detects gamma-rays emitted by tracer injected into the body 


it is mainly used in oncology (cancer) & neurology (especially dementia) 


SQUID 
magnetometers 


Superconducting Quantum 


SQUID 
Interference Device 


are used to 
detect the weak 


SQUIDs can detect 
extremely small magnetic 


magnetic fields 
gn fields 


of the human body 


it is used in cardiology for magnetic field imaging 


magnetic flux is a measure 


it converts magnetic flux into high readable high voltage | 9f magnetic intensity 
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Diagnostic Signals 


ECG isa 


commonly used ECG | Electrocardiogram 


heart is a two-stage 
electrical pump 


diagnostic tool 


heart's electrical activity can be measured 
by electrodes placed on the skin 


it is used to assess functioning of the heart 


ECG can measure the rate & rhythm of 
the heartbeat 


ECG provides indirect evidence of 


blood flow to the heart muscle EEG is a test EEG | Electroencephalogram 


that detects 


REUS EEG is used to be a first- 
abnormalities in 


line method of diagnosis 
man's brain waves for tumors, Stroke etc. 


it is used to record electrical activity of brain 


EEG is used to diagnose 
epilepsy, sleep disorders, 
coma & brain death 


in this, electrodes consisting of metal discs are used 


Dr. Willem Einthoven 


he invented ECG in 1903 & received 
Nobel Prize in Medicine in 1924 


the electrodes detect electrical charges from the brain cells 


EMG | Electromyography 
itisa 

technique 
used for evaluating & 
< recording electrical activity 


Hans Berger produced by skeletal muscles 


a German psychiatrist who invented EEG 
in the year 1924 


electromyograph is an instrument that is used in this technique 


it detects the electric potential generated by muscle cells & makes record 


the record is then studied & analyzed to find out medical abnormalities, if any 
are attached to bones by 
tendons 


these communicate with 


nerves & blood vessels itis a 


E Skeletal : via connective tissues technique MEG | Magnetoencephalography 
~ Muscles ies 
CRAP they produce all which is 


movements in body parts used for mapping 


i i the lectri 

in relation to each other CE humans electric currents occur 
naturally in brain 

skeletal muscles function electric currents in brain produce magnetic fields 


under voluntary control 
SQUIDs are such 


magnetometers 


this technology is used to record those magnetic fields 


very sensitiv 
a neurological non-invasive test : - 
: : Electroneurography g l e used to study the facial nerve in 
Dr. Marcy, who introduced Electromyography in 1890 case of muscle weakness in one side of the face (Bell's palsy) 


e magnetometers are used for such recordings 


E-—— 4.  — 


um, T es — 
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Producing prints using Bio-ink 


The Process 


slurry of cells (bio-ink) is 
taken & loaded into cartridge 


inserted into a bioprinter 
alongwith a cartridge of 


gel-like biopaper 


b d 


input of standards for the 
things to print 


printer is triggered to print 
3-D Structures 


v 


desired prints come out 


AERIS 
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a material made from 
living cells that behaves 
much like a liquid 
it is a hydrogel bio-material that contains stem cells 
it allows to take 'prints' in order to create desired shapes 


bio-ink is used in 3-D printing for use in regenerative medicine 


bio-ink contains 


two different 


polymer components 


natural polymers are extracted from seaweed 


natural polymers more aptly mimic native extracellular matrix 


natural polymers include gelatin, hyaluronic acid, silk proteins & elastin 


A 


an American 
engineer invented 
the technology of 
3D printing 


polymers can be more easily tailored for better results 


PIII SPA 
as 


3-D printing is 


printing of living tissues 
with the use of bio-ink 


3-D printing is a recent development in personalized medicine 


3-D printed 
human corneas 
have been developed 


this is the FIRST time that a cornea has been printed 


ae —— 


5 ~~ Chuck Hull 


“=, -— "- Sea 
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Applications of Bio-ink 


e to create sheets of skin for grafting - 
a faster method with reduced risk of 
rejection 

e to make replacements - for vascular 
material (veins & arteries) removed 
during surgeries 

e entire organ for transplant could be 
made - like kidney, liver, heart etc. 

e in printing complex tissues using 
patient's own cells 

e to replace bones eaten away by cancer 

e personalized treatment - to eliminate 

donor risk 


3-D human cornea 


has been developed 


from bio-ink 


is created by a team of researchers Newcastle University, UK 


bio-ink (a gel) was made from combination of alginate & collagen 


bio-ink & 3-D printing 


are a revolution 
in medical science 
but, there many issues related with their use 


e it focuses light into the eye which is some important ethical issues are discussed below 


further focused onto the retina 

* very sensitive part of the eye 

* helps to protect eye from injury & 
infection 


cost involed is high 


so, will benefit 


the rich more 


may lead to greater disparities between the rich & the poor 


* a common eye ailment 

* is related with cornea 

* it is caused by inflammaion, infection 
or other eye diseases 

* it is rare genetic eye disorder 

* affects older adults more 


is it fair that technology and R&D cost should favor rich only? 


^M 


safety & effectiveness 


cannot be tested 


without clinical trials 


in personalized treatment, clinical trials are not possible 


are the sp 

* they provide new cells for the body 
as it grows & replace specialized 
cells that are lost or damaged 

* they can divide to produce new cells 

& can change into other cells 


Embryonic stem cells 
Adult stem cells 


new regulatory norms & standards are required to be established 


replacement of tailored 


bones, muscles, tissues & lungs 


may bring new troubles 


may be used for increasing stamina & making man fatigue/wound resistant 


increase disaprities in sports fields & make wars more destructive 


& the BIG question - can we afford man to be tailored in hands of scientists? 
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3-D Printing 


3-D printing 


Chuck Hull 


the person who invented 
3-D printing 


is known as 
additive manufacturing 


because it 
uses additive processes 


lot of thin layers of given material are added to build a 3-D object 


ations in various fields of modern life 


today, 3-D printing has diverse applic 


Su 


. " . 2 x r 
Creating file Creating object Finishing a 3-D printe 


could make 
new body organs 


it is possible to print/ 
make blood vessels also 


for transplant in patients 


3-D printers can make ear, skin & even the liver cells 


to use in 3-D printers for organ making, a special bio-ink is used 


3-D Soft Silicon Heart 


developed by scientists from 
Switzerland ; the silicon heart resembles 
closely & functions like human organ 


3-D printers allow 


printing of 
affordable food 


the artificial heart can last 
around 30-45 minutes & 
in useful for patients 


this way 3-D printing 


awaiting heart without any e M fe food 
; iona 
cre tay cooking knowledge NM 


food printers enable us to eat healthy food regularly 


even overeating can be avoided by determining food portions 


SEAGER 


3-D printing method developed by 
Chinese & American scientists to produce 
highly uniform blocks of embryonic 
stem cells 


this technology 


3-D printed meat 


is good for the production could save a 
: lot of land, energy & 
health of environment water ` 
3-D printing of food can reduce GHG emissions this will reduce 
transportation cost 


most of food can be three-dimensionally printed locally 


3-D liver is being 


developed in USA 


it would become a reality 
by 2020 


3-D printing allows customization of designs 


this is well applied in manufacture of custom rosthetics 


in industry, it can virtually produce any part that one can imagine 


d 
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Human Diseases 


: What is a disease ? 


— —e aC 35 Dux - 9— 
Some Diseases & Confirmatory Tests 


n Pme 92 mmu, oe 


it is a condition when the functioning of one or more 
organs or systems of the body is adversily affected, 
charaterised by various signs & symptoms 


+ bacterial diseases 
protozoan diseases 


fungal diseaes 


Aquired Congenital Types of 
X (after birth) (Present from birth) communicable viral diseases 
dieseases 
= - Iminthic di 
Communicable Non-communicable their causing i rr ines 
(infectious) (Non-infectious) agent * mycop es 
i 
+ * chlamydial diseases 
: Contagious Non- : 
Bubonic Plague Wayson Stain | bontagione Degenerative Cancer 
Test Deficiency Allergic Mental diseases, 
spread through $ Addiction 


direct contact spread through 
causing agent 


| 


 Killedvaccies(micro- — 
organisms are killed) 


Carcinogenic 
Diseases 


Rheumatoid RAF 
arthritis . factor 


Lopsy Lepromin Skin 
Test 
Typhus fever Well-Felix Test 


AIDS, Genital 
F 


Some Vaccines 


: Category of Vaccine : : -| Used for treatment of 
: F gems) | 
| 


Mumps measles & Rubella 


Ames TesUElisa 


Live vaccine © -| 


(actual weake 


Cholera Vaccine 


‘Live vaccine ~~ 


Mumps Vaccine Ave j uu i 
- (actual weakened germs) 


(MMR) 


Polio, I* dose given when 
child is 3 months old; Booster dose is 
given after 1 year 


-= | German measles & small pox 


Diptheria, tetanus & whooping cough, 
Ist dose given when child is 3 months 
old; Booster dose at 2 years 


Killed vaccine Typhoid (Typhoid & Paratyphoid) 


Oral Polio Vaccine 
(OPV) 


Rubella Vaccine 
Rubeola Vaccine Live Vaccine 


Triple Antigen 
(DPT) (Diptheria, 
Pertussis, Tetanus) 


Typhoid Vaccine 


‘Live Vaccine 


Herpes 


Rose - Waaler 
Test 


ELISA positive 
cases 


Live Vaccine 


Rheumatoid 
Factor 


Western Blot Ip 


is a diagnostic : 
test for AIDS 


iud ege ED 
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BACTERIAL DISEASES OF HUMAN 


Vaccine/ 
Treatment 


Disease Causative Organism Symptoms 


Typhoid 
vaccine 


| No vaccine 


ORS is given 


[pro 
= 


‘Loss of appetite; headache; Constipation; Abdominal 
Sustained high fever (39. ?C to 40 ? E 


Salmonella typhi 


yah & Mucus collect in alveoli & bronchiole of lun; 
_ which causes respiratory problems; High fever; Chills; 
Cough ; Headache; i in severe cases lips & Bigs nails 
may turn gray to bluish . 


- Vomitting, acute diarrhoea and. 
M cular grippe may result due to dehydratio 


ever & icum Blood containing spota 


| 777] Cornebacterium diptheria : 


Bordetella pertussis Wh Be g sound; Face becomes red during Sougi ; 


`- Convulsions 


Clostridium tetani 


G4 ion of muscles of neck and jaw; 


Mycobacterium leprae - Light coloured patches on skin - "i 


Shigella dysenteriae 


inal pain; Blood & mucus in the $t 


: our forms: skin, lungs, intestinal &i inject 
E Skin form : a small blister with surrounding swe. 


: turns into a painless ulcer with a black cent 
Q halation form : fever, chest pain, shortness of breath; 


Anthrax 
a vaccine 


Bacillus anthracus 


© Intestinal form - diarrhea with blood, abdomi | pains 
2 U y t fever & an abscess at drugi inje tion site 


Bubonic Plague 
pag uL : 


Yersinia pestis 


A ‘High fever; Bubo in groin or the armpit 


Antiplague 
vaccine 


No vaccine 


No vaccine 


No vaccine 


Clostridium botulinum 


Botiilism : 
(ison Poisoning) 


; | Streptococcus pyrogenes - 


Chancroid i. 


Swollen tongue; Double vision; Vomiting; Diarrhoea 


Scarlet Fever High fever; Rashes on the body; Tosilitis; Pharyngiti 


Ulcer appear at the site of infection; it is painful & bleed 
easily 


Haemophilus ducreyl 


408 
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BACTERIAL DISEASES OF HUMAN 


Disease Causative Organism Symptoms Vaccine/ 
Treatment 
Haemophilus 
influenzae type B 
(Hib) vaccine; 
pneumococcal 


Neisseria meningitidus - Inflammation of Meninges 
(Brain membranes) 


conjugate vaccine; 
meningococcal 
vaccine 


Treponeria pallidum Mori E “ae Skin eruption 
3 No vaccine 


Nesseria gonorrhoeae uu s Infection in genital organs 
(it is Sexually Transmittted Disease) — 


IMPORTANT PROTOZOAN DISEASES OF HUMAN 


Disease Causative Organism Symptoms 


& Vector 
African Sleeping Sickness Trypanosoma gambiense- ` Man feels sleepy, ; may cause death m is 


(gambian fever)~ Vector: Tse-tse 
(Glossina palpalis) 


Amoebic Dysentery Entamoeba histolytica 
(Amoebiasis) 
Chagas disease Trypanosoma 
(American Sleeping Sickness) Vector: Tse-tse fly 
Spleen and liver enlarge 


Leishmania donovani 
& high fever develops d 


Vector: Sand Fly 
(phlebotomus) 


(Leishmaniasis or 
Dum-Dum fever) 
Giardia 2 Epigastric pain; Abdominal discomfort; Diarrhoea; 

Headache; Fever; Loose motions & vomitting 


Trichomonas vaginalis 


Plasmodium sp. Periodical attacks of high fever; Pain joints; Chills; 
- Heavy perspiration; Fast pulse i 


Balantidium coli Ulcers in colon; Diarrhoea; Severe dysentery 


White secretion of mucus from vagina occurs 


(Balantidium Dysentery) 


————————.-— 


IMPORTANT VIRAL DISEASES OF HUMAN 


Disease Causative Organism Symptoms Vaccine 
Category of Virus 


HIV 
Human immuno 
deficiency virus 
(RNA virus) 


/' Cause deficiency in the immune system; Chronic fever; 1 
Presistent swelling in lymphatic ganglions; Night sweating; 
iarthoea; Loss of weight; Memory & speech impaired & 


tg No vaccine 
sure death PM 


Varicella 
vaccine 


Vericella herpes virus 
(Retrovirus) 


"Mild fever; rashes; Aches; No scar left 


Orthomyxovirus a. Sore throat; Headache; Sneezing; Chest pain; Cough; Influenza 
(Paramyxovirus) — 70 High fever; Muscle pain ` vaccine 
(DNA Virus) 
Measles Rubeola virus : "Nasal discharge with high ever, cough with hoarseness in... | MMR vaccine 
MUR (RNA virus) voice; White grey spots develop in mouth & palate called. — 
R x à © < x. koplick's spots; Darks brown rashes on body | 
Paramyxovirus s enlarge along with pain & swelling in neck; `. -| MMR vaccine 


(RNA virus) 


GONE “Male sterility may develop 


Rubella virus MMR vaccine 


(RNA virus) 


- ;Rashe develop on body of the children; In pregnant - 
men the foetus may develop deafness & mental 
""retrardation 


xu 
Poliomyelitis eem Enterovirus Inflammation of nervous system; Stiffness of the neck; Oral Polio 
AM OC i (RNA virus) ~ Weakness of skeltal muscles; Paralysis” Vaccine 


Anti rabies 
virus 


No vaccine 
No vaccine 


ee Hydr ophobia, hallucinations, 
E fever & death occurs in a week, 


Rabies virus 
(RNA virus) 


Rabies | 
(hydrophobia) 


> 


Arbo virus 


; Fever; Nausea & vomiting; Muscle & joint pain 
(Vector: Aedes aegypti) s Vos 


Chikungunya virus 
(Vector: Aedes aegypti) 


aoe Sudden onset of fever; cripppling joint pains ; 
EA . Conjuctivities 


.. High fever; Chills; Headache; Dizziness; Sore throat; 


e SARS-Coronavirus l ( Developing... 
Sp Running nose; Nausea; Vomiting; Diarrhoea 
Swine Influenza Triple-reassorted flu virus Fever; Cough; Sore throat; Bodyache; Chills; Fatigue Indigenous A 
wine) 3 A (HIN1) A P j (HIN1) vaccine 


Se 


> E Herpis simplex virus Ulcers over genital organs; Vaginal & urethral discharge Developing.. 
; ? Human Papilloma virus ; Warts over the skin of external genitalia ; HPV Vaccine 


Small pox caused by Variola virus; Vaccine was discovered by Edward Jennner in 1798; 
It has been Eradicated (las case seen in India; 1975 & in Somalia 1977 ) 
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HELMINTHES (ROUND WORM) 
DISEASE OF HUMANS 


Disease Pathogen 


Wuchreria bancrofti & 
Wuchreria malayi 


Elephantiasis or 


Ascaris lumbricoides 


Loa Loa 
(Eye worm) 


Enterobius vermicularis 
(Pin worm) 


Ancylostoma duodenale 
(Hookworm) 


Ancylostomiasis 


Symptoms/ Parts effected 


lymph vessels are effected; Abnormal enlargement 
& swelling of legs, genital organs & lower abdomen 


Large number of Ascaris worms obstruct 
the intestinal passage; Causes loose motions; 
Abdominal pain; Indigestion; Vomiting; Diarrohea 


Conjuctivitis; Subcutaneous tissue of eyes is infected 


Anal itching; ‘Appendicitis; Nervous trouble ~ 
Caecum & colon are also affected 


Itching & inflamation of skin; Anaemia; 
Mental & physical deficiency; ` __ 
Site of infection: Small Intestine: 


HELMINTHES (FLAT WORM) 
DISEASE OF HUMANS 


Disease Pathogen 


Fasciolopsis buski 


Fasciolopsiasis 
(Intestinal fluke) 


Schistosoma haematobium 
(Blood fluke) 


Taenia solium 
(Pork tape-worm) 


Taenia saginata 
(Beef tape-worm) 


Cysticercus 
(larva of tape-worm) 


Cysticercosis 
(More dangerous 
than Taeniasis) 


Symptoms/ Parts effected 


Intestinal inflammation; Diarrhoea; Ulcers 
Infected Organ: Small intestine of man 


haematuria (blood in urine); Fibrosis of the bladder and 
ureter; Kidney damage; Bladder cancer 


Intestinal disorders 
Site of infection: Small intestine of man 


Intestinal disorders & anaemia 
Site of infection: Small intestine of man 


Blindness; Epilepsy 
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Vector/ Mode 
of Infection 


Female Culex 
mostquito 


Vector None;. 
Infection by 
contamination 


Deerfly 
(Chrysops) 


Vector None; 
infection by 
contamination 


Larvae bore 
through the 
skin of feet 


Secondary 
Host 


Bulinus (Snails) 
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MALNUTRITION 


Malnutrition is a condition caused by not getting enough food or right kind of food; Malnutrition covers problems of both 
undernutrition & overnutrition; Undernutrition is due to unbalanced diet & Overnutrition is due to excess intake of food, 


It is due to deficiency of protein 

It occurs in children between 6 months & 3 years of age 
Subcutaneous fat is preserved 

There is oedema 

Skin and hair change colour 

Enlarged fatty liver 

Ribs are not very prominent 

Diseased child become lethargic 

Appetite is poor 

Patient needs adequate amount of proteins 


It is due to deficiency of proteins and calories 

It is common in infants under 1 year of age 

Subcutaneous fat is not preserved 

Oedema is absent 

No change in skin and hair colour 

No fatty liver 

Ribs become very prominent 

Alert and irritable 

Suffered child becomes voracious feeder 

Patient needs adequate amount of proteins, fats, carbohydrates 


DISORDERS DUE TO OVERNUTRITION 


Disorder Excess Nutrient 


Symptoms 


Hypercholesterolemia~ i Saturated fats~ Eu 
Atos P indu t 


Excessive intake of 


calories in food 
~~. Anorexia, painful swelling over long bones,” 


EIN Vitamin A vU I 
A m. <; Sparsity of hair, pruritic rash 
: | | : | | 


| ; : | : | : 
i "Nervous system is depressed, decreases systole of heart,causes 


qe Calcium p st 
TEN is - constipation and lack of appetite, kidney stone we 


E. “<= 1" ( Dental Fluorosis - Dental caries 
VY (ii) Skeletal fluorosis - weak skeletal muscles 


Miniamata disease is caused by itai- itai disease is caused by 
Mercury Poisoning Cadmium Poisoning 
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NUTRITIONAL DEFICIENCY DISORDERS 


Deficiency 
Disorder Deficient Nutrient 


Megaloblastic or 


M T ea Vitamin B12, folic acid or both 


Prenicious anaemia 
Vitamin B12 


Xerophthalmia~ 
Vitamin A 
Keratomalcia~ : 


Night-Blindness 
Vitamin A 


Vitamin Bl 
(Thiamine) 


Osteomalacia Vitamin D 
(in adults) 


Marasmus~ 


Symptoms 


3 ic A T 
MN o di ia ius Number and size of RBC & haemoglobin 
~~ content’ reduced, Fatigue, weakness & tiredness; 


Loss of Rand Shortness of breath; Dizziness; I Pale skin 


Presence of ries immature ef malformed RBCs in blood, impairment of- 
T antibody synthesis, Stunted growth 


Large, immature, nucleated. RBC without haemoglobin. <. 
“This eu be fatal unless treated withy vitamin B12 injections ` 


ao mt inflammation of & indigestion diarrhoea 


pi opaque: & ulcerated cornea. 
India, specially among children’ 


. Thickened, keratii is 


EZ 


jt ‘Prime cause eof blindness i 


~ Comeal a becomes Opaque & Keratinized | 


‘No m SNR pet ve in od cells of retina ^ 


Reduces aerobic carbohydrate metabolism. So, 
‘peripheral 1 nerves inflame, causing pain numbness & 

~ weakness: of limb ‘muscles, ‘paralysis, Fluid accumulation in 
tissues, oedema of hands & legs, Cardiac oedema can also occur 


` Fragile blood vessels due to defective 
i callngen: fibres in their walls; fragile bons; = .— 
_ Bless gums; fang: of teeth, Wound healing splayed 


Weak, soft, thin bones due to poor deposition of Ca and P; ~ 


Rickets (in children) 
-. Bent long bones & painful swelling on wrist, elbow & knee joints 


- Weak bones of vertebral column; 
_ Pelvis i> gels peni & armea by body Weigit, 


T Delayed blood’ doning, 80 results į in profuse bleeding 


g P . Growth & £u of tissue proteins impaired; P 
-thin limbs & mod ribs. Dry thin & wrinkled skin, diarrhoea 


Protein and calories 


“Swollen ips, think pigmented skin of hand & legs 
Eee [onm D. eem 


A “Wasting muscles, thin limbs; 
Retarded growth oF body & brain; Oedema, diarrhoea 


Kwashiorkor 


Enlargement of thyroid gland 
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HORMONES & RELATED DISORDERS 


Endocrine gland Hormones Functions & Disorders 


0 it is called ‘Master of Master gland’. or ‘Supreme 
Commander’, Because it controls the functioning of the 


9 Inhibitory hormones ‘Master gland’ ie.‘Pituitary gland’ E 
0 its inhibitory hormones inhibits the secretion of pituitary 


9 Stimulatory hormones gland "n 
© its stimulatory hormones stimulate the secretion of pituitary 


glands 


Hypothalamus 
present in brain 


Prolactin Hormone is known as hormone of maternity because 
it causes the growth of mammary glands during pregnancy & 
secretion of milk after Child Birth 


| € Oxytocin is Known as Birth hormone Or milk ejecting 
hormone 
| Olts production is increased just before and during labour 
Milkman inject synthetic oxytocin called ‘Pitocin’ into their 
cows & buffaloes to get more milk 


< | © ADH (Antidiuretic hormone or Vasopressin) 
It reabsorbs water from urine. Its deficiency causes Diabetes 
| insipidus 
DIM. Ho ~~ | © Growth hormone or somatotropic hormone 
(amo topin marmane). 9 It regulates the general growth of body 
9 Oxytocin wor 
(Birth hormone) . ~ 
9 Antidiuretic hormone 
9 Growth Hormone 


Pituitary Disorders 
Pituitary Gland 


present in brain 


: ‘| 0 Pituitary Dwarfism: Caused by deficiency of growth hormone 
Master Gland/chief executive | ~ | from childhood. It is characterized by small but well 

of endocrine system or il ; $ me A proportioned body & sexual immaturity. The dwarfs produced 
leader of endocrine orchestra he Ge | by the deficiency of the growth hormone are different from 

«| those which are formed from the deficiency of thyroid 
hormone in having normal intelligence 


| 9 Gigantism: It is caused by excess of growth hormone from 
early age. It is characterized by large & well proportioned 
body. If size of pituitary gland increased, it effects 
(suppresses) optic chiasma & ultimately affects vision 


© Acromegaly: It is caused by excess of growth hormone after 
adult size is reached. It is characterized by disproportionate 
increase in size of bone of face, hands & feet 


9 Diabetes insipidus: It is caused by the deficiency of ADH, it 
is characterized by excessive dilute urine, excessive thirst & 
frequent urination 


High level of ADH: Excessive dilute blood & low plasma 
sodium 


Endocrine gland 


Pineal Gland 
present in Brain 


Thyroid Gland 
largest endocrine 
gland 


Parathyroid Gland 
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HORMONES & RELATED DISORDERS 


Hormone 


Melatonin 
9 Serotonin 


© Throxine (T4) 
ð Tri-iodothyronin | 
(T3) 


Parathormone ~ 


Functions & Disorders 


0 Melatonin plays a very important role in regulation of 24-hour (diurnal) 
rhythm of our body it helps in maintaining the normal rhythms of sleep- 
wake cycle & body temperature 

0 it is also called sleep-hormone, Because it promotes sleep 

0 its secretion increases in dim light & decreases in bright light 

it also act as ‘Biological Clock’. 

0 it plays a very important role in regulation of 24-hour (diurnal) rhythm 
of our body 

© it lightens the skin colour in certain animals 

0 in mammals melatonin possibly acts as a inhibitory factor for sexual 
matyration 


~ | © Serotonin is neurotransmitter found in pineal gland and also in other 


locations of brain 


-| 0 it helps in the vasiconstriction of the blood cells 


0 it controls metabolism , regulate body temperature by calorigenic action 


| Disorders : 


do Hyperthyroidism: (Hypersecretion of thyroid hormone) 


e it is Iso called grave’s disease; It is thyroid enlargement 


| eitis characterized by exophthalmia (Protrusion of eye balls because 


of fluid accumulation behind this., loss of weight, rapid heartbeat) 


© Hypothyroidism: (Hypo secretion of thyroid hormones) 


e Cretenism:- In infants 

e A Cretin has slow body growth & mental development of reduced 
metabolic rate, slow heart beat, pot belly, pigeon chest, protruding 
tongue 

e Myxoedema or Gull's disease: (In adults) puffy appearance due to 
accumulation of fat in subcutaneous part, low heart beat 

e Simple Goitre:- Caused by deficiency of Iodine in diet because 

iodine is needed for the synthesis of thyroid hormone 
e Symptoms: Thyroid enlargement 


| e common in hilly areas 


e addition of iodine to the table salt prevents this disease 


0 maintains proper level of calcium & phosphorous by regulating renal 
action,therefore controlling calcium and phosphate amount in bones 


| 0 Hyperparathyroidism (hypersecretion): causes osteoporosis 
-| © Hypoparathyroidism (hyposecretion) : causes muscular tetani 


Endocrine gland 


Adrenal Glands 
glands of 
emergency 


Thymus Gland 
present on dorsal 
side of heart 


Pancreas 
heterocrine gland 
i.e partly exocrine 
& partly 
endocrine 


Testis 
male gonads 


Ovary 
female sex organ 
or gonad 
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HORMONES & RELATED DISORDERS 


Hormoness 


? Adrenaline: 
(epinephrine) 

9 noradrenalin 
(norepinephrine) 

hormones of fight 

or flight — 


> Glucagon’ e 
9 Insulin 


0 Somatostatin $ 


OEstrogéh 
Progesterone 
© Relaxin ~~ 


Functions & Disorders 


9 these hormones are rapidly secreted in response to stress of any kind 

? these hormones cause: alertness, pupillary dilation, piloerection (raising of hair), 
sweating in emergency or emotional situations 

9 hyposecretion: low blood pressure & slow working of heart & lungs 

9 hypersecretion : rise in blood pressure, rapid heart beat & breathing 


L| 9 regulates growth 


9 stimulates proliferation of lymphocytes & development of immune system 

© Thymus is degenerated in old individuals so immune system of old individuals is 
week 

9 it also hastens sexual maturity 


0 its exocrine part secretes pancreatic juice to digest food 


| € its endocrine part secretes following hormones: 


e alpha Cells: secretes glucagon 

* glucagon converts glycogen to glucose 

* its hyposecretion causes hypoglycemia 

* B-Cells (Beta Cell): It secretes insulin 

it changes glucose into glycogen (storable form of glucose) in liver 

* its hyposecretion causes diabetes mellitus in which sugar level in blood 
increases 

* its hypersecretion causes drop in blood sugar level, resulting in severe 
condition, which is called insulin shock 

Somatostatin suppresses the release of hormones from the pancrease & 

digestive tract 


0 Beside producing the sperms testis produces male sex hormones (androgens), 
popularly known a testosterone 


ican A T < j © Testosterone control the the development of male reproductive oragans and 


development of secondary sex characters in male 
examples: 

e distribution of hair on body (Beard etc.) 

e change of voice during puberty) 


0 beside producing eggs ovaries produce female sex hormone estrogen (or Oestrogen) 
& progesterone 
0 estrogen controls secondary sex characters in female 


0 progesterone: Involved in the female menstrual cycle, pregnancy (supports 
gestation) and embryogenesis in humans 

9 contraceptive pills contain Oesterogen & Progesterogen 

0 relaxin relaxes ligaments of pelvic girdles at the time of birth 


Disease~ 


Malaria 
(protozoan disease) 


Chikungunya 
(viral disease)~ 


Dengue 
(viral disease) 


Yellow Fever 
(viral disease) 


Zika 
(viral diseases) 


Important Mosquito Borne Diseases 


Mosquito Types 


Anophels 


In India : i 


* P. falciparum causes 53% K 


* P. vivax cause 47% of 
infections >- 
e Infectious stage of ` 


plasmodium is sporozoite - 


* P.faleiparum: --1 5 ous 
in certain parts of India; .- 


incubation 12 days; greatest 


killer of human beings 

* P. vivax - most common in 
India; incubation 14 days. 

e P. malariae - in tropical 
Africa, Myanmar, Sri Lanka, 
India; only species which can 
affect other primates also; 
incubation 28 days 


e P.ovale - found in Africa; - 
rarest of the 4 species which 


affect men; incubation 14 
days 


© Asian Tiger Mosquito |... 


(Aedes albopictus ) 


0 Yellow Fever Mosquito t 


(Aedes aegypti ) — 


à Aedes aegypti 
à Aedes albopictus 


0 Aedes 
0 Haemogogus species 


> Aedes mosquitoes 


| 0 DEN-1- 


y 


) 


Explanation 


Malaria parasite ( Plasmodium) is transmitted by female 
Anopheles mosquitoes; 

most common in tropical and sub-tropical regions of the world; 

0 mosquito control measures: DDT; mosquito fogging; bio 
prevention 


'^*| © Mosquito fogging - insecticide used in mosquito fogging is a 


synthetic pyrethroid which is very similar to insecticides used 
in most domestic insect spray cans; the fog is created by 
blasting the mixture of insecticide and water into very fine 
droplets through the fogging machine 
0 Bio-prevention - fish Gambusia is released in water reservoirs 
eat away mosquito larvae/pupae 
Malaria control programs in India - 
e National Malaria Control Program in 1953 
e National Malaria Eradication Program in 1958 Urban Malaria 
Scheme in 1971-72 


| 0 P. falciparum Containment Program (PfCP) in 1977 


o Highest incidence of malaria, in India, is found in the State of 
Odisha 

in malarial cases chills & fever recur every 48 hours due to a 
chemical haemozoin (malaria pigment) which is released from 
RBCs 


© Chikungunya virus is transmitted by mosquitoes; there is no 
cure for the disease; incidence of disease is in Africa, Asia and 
Indian subcontinent 


| i 0 Chikungunya virus is transfered from infected female 


mosquitoes 


F symptoms appear 3-14 days after the infective bite; no vaccine 


is available; there are four type of virus that cause dengue 
0 DEN-2 ~ 0 DEN-3~ o DEN-4- 


affects Africa and Central and South America; does not occur in Asia; 
Yellow Fever Vaccine is available; favivirus genus causes this disease 


© understood that zika virus is a cause of microcephaly & 
Guillain-Barre syndrome; 

0 zika virus is a mosquito-borne flavivirus that was first 
identifiedin Uganda in 1947 in monkeys; zika virus disease is 
found in Africa, Americas, Asia & Pacific; 

0 Zika virus can be transmitted throughsexual intercourse (WHO 
surce) 
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Discase- 


Rift Valley Fever 
(viral disease) 


Japanese 
encephalitis 
(viral disease) 


Lymphatic 
filariasis 


West Nile 
Fever 
(viral 

disease) 


Esencia : Science & Technology 


Important Mosquito Borne Diseases 


Mosquito Types 


2 OAedes —— 
-© Culex mosquitoes 


* 


Explanation 


Q is a viral zoonosis that primarily infects animals but can also 
infect humans; 

0 of human infections result from contact with the blood or 
organs of infected animals; 

0 bites of infected mosquitoes can also cause human infections 

9 no majority human-to-human transfer has been documented 


| 0 infection cause death or abortion among RVF-infected livestock 


; `| 9 RVF virus is a member of Phlebovirus genus 


| 0 the virus was first identified in 1931 in Rift-Valley of Kenya 


s 9 Recent outbreaks of disease —> Niger (2016); 


-0 Culex species (mainly Cules 

tritaeniorhynchus) = 
9 JE pigments survive in bodies < a : : 
SOR "| © the virus is spread by mosquitoes; no cure for the disease; 


of pigs and are transmitted to 


human beings by mosquitoes SA 


Mauritania (2012); South Africa (2010); Madagascar (2008) 


-.| 9 Japanese encephalitis virus (JEV) is a flavivirus; flavivirus is 


related to dengue, yellow fever and West Nile diseases; 


0 JEV is the most important cause of viral encephalitis in Asia; 


= 9 the first case of Japanese encephalitis viral disease was 


documented in 1871 in Japan 


-> | € in temperate areas of Asia, JEV is transmitted mainly during 


“0 Culex © 


.. (urban & semi-urban areas) _ E 


. © (mainly in rural areas), 


| "Aedes 

(mainly in islands in the Pacific) 
0 the disease is caused by... 
infections with parasites 


classified as nematodes É s : 
: (roundworms) of the family 


Filariodidea 3-types of filarial - 
"P WOS 5 9. 57 
e Wuchereria bancrofti ; 
(reponsible for 90% cases). 
_ e Brugia malayi 
e Brugia timori 


; oCulexto 
9 virus - flavivirus — 
9 the virus was first isolated in a 
woman in West Nile District of 
Uganda in 1937 ` 
0 it was identified in birds in Nile 
Delta Region in 1953 


warm season whereas in tropics and sub-tropics, transmission 
can occur year round 


$ O can result in an altered lymphatic system and abnormal 


enlargement of body parts 


: 9 947 million people in 54 countries worldwide remain threatened 


by lymphatic filariasis and require preventive chemotherapy to 
Stop the spread of this parasitic infection; 


| © the disease is also known as elephantiasis 


© occurs when filarial parasites are transmitted to humans through 
mosquitoes 


|| 0 infections is usually acquired in childhood causing hidden 


damage to the lymphatic system 
0 may lead to permanent disability 
9 mostly prevalent in Africa, India, Myanmar etc. 


© cause fatal neurological disease in humans 

9 80% of infected people do not show any symptoms 

0 mainly transmitted to people through infected mosquitoes 

no vaccine is available for human beings, available for horses 

0 birds are natural hosts of West Nile Virus 

9 prevalence of disease in - Africa, Europe, Middle East, North 
America and West Asia 


Esencia : Science & Technology 


Important Mosquito Borne Diseases 


Vector le ; i 
or Vector Type Diseases 


Mosquitoes 
© Chikungunya 


...| 9 Dengue fever 
| 9 Rift Valley fever 
0 Yellow fever Zika 


Anopheles ^. DE | 9 Malaria 
`| © Japanese encephalitis 


0 Lymphatic filariasis (elephantiasis) 


| 6 West Nile fever 
| mene qu i a een M digo 
Ci MLa n Sleeping sickness (African trypanosomiasis) 


^ PE -| © Plague (transmitted by fleas from rats to humans) 


0 Leishmaniasis 
0 Sandfly fever (phelebotomus fever) 


-| © Crimean-Congo haemorrhagic fever 
-| © Lyme disease 

9 Relapsing fever (borreliosis) 

-| € Rickettsial diseases (spotted fever and Q fever) 
| © Tick-borne encephalitis 

‘| 9 Tularaemia 


19 Rickettsiosis 


Black flies bu. 0 Onchocerciasis (river blindness) 


illnesses caused by pathogens & IDE than 2.5 billion people are at risk 


parasites of contacting dengue alone 
| Vector-borne these diseases account for over 17% of Vecto bome 
| diseases . all infectious diseases ‘diseases 
every year more than ONE BILLION : 
(e cases occur & over ONE MILLION malaria causes more than 400000 deaths 
every year globally, most of them are 


deaths happen vector-borne c 
diseases like children under age of five 


haemozoin 


Malaria 


‘Malaria is caused 
c parasites s 


SUE) 47... 


plasmodium plasmodium 
viviax ovale 
plasmodium plasmodium 
falciparum malariae 


* plasmodium viviax & plasmodium 
facliparum are the common mosquito 
parasites in India 


** infection from Plasmodium 
falciparum is the mosi deadly form of 
malaria 


——MM a ——— € — 


Anopheles | is the main vector of malaria; 
culicifacies | it is zoophilic species 


it is a disposal product created from the 
digestion of blood by some blood- 
feeding parasite, it causes chill 

& fever during malaria 


STAGE-I 
parasites multiply within 
mosquito to form 'sporozoites' 


STAGE-II 


parasites enter into liver in 
human body & muliply there 


STAGE-II 


parasites enter in blood, 
rupture there to cause malaria 


the highest burden of malaria 
is in Africa in 2017, the region was 
home to 92% malaria cases & 93% 
malaria deaths 
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malaria is a 


life threatening 


parasitic disease j fenic anopheles 
it is caused by the bite of infected anopheles mosquito cause it 


the malarial 
parasite completes 


its life cycle 
in human body in 


liver cells 
& red blood cells 


it takes 10-14 days, after the bite of infected 
malaria, for the disease to develop in human body 


inside human host, the parasite undergoes several changes 


plasmodium completes 


its life cycle 
in two hosts, i.e. 


it is the female 
Anopheles, the bite of 
which infected man to 
mosquito & human | cause malaria 


it enters human body as sporozoite - an infectious stage 
the parasite enters in liver, multiplies there & then goes to RBCs 


it ruptures the RBCs which releases a substance known as 'haemozoin' 


Py 


currently, 
there is not any 


commercially available 
malaria vaccine 


though malaria vaccines are undergoing trials 


if launched commercially, this 
would become world's 1st 


RTS,S/ASOI is such a vaccine that is under trials malaria vaccine 


quinine is a popular malaria drug 


it is made from the bark of cinchona tree 


d 
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Dengue 
PENS cn OP N 
` Genus flavivirus 
= dengue is 
a viral disease 
dengue virus West Nile virus 
caused by , d 
: : : it has white spotte 
| infective bite of body & white bands 
tick-borne yellow fever Aedes aegypti mosquito on its legs 
encephalitis virus virus 


it develops in man in 5-6 days after infected mosquito bite 


* the list is not exclusive 


dengue disease can be caused by any of the four viruses 'DENV 1-4' 


oul GREE MA 
-> Fourtypesof 
ES dengue buses dengue fever is known as 
CHEM i break-bone fever also 
dengue is ; 
as It causes severe 
of two types joint pain 
DENVI 
pps dengue fever (DF) 
pL. RENN dengue haemorrhagic fever (DHF) dengue mosquito 
bites during 
the dengue fever is very severe & it is a flu-like illness daytime 


dengue haemorrhagic fever is more severe & may cause death 


dengue 
Aedes Aedes is caused by it is in Asia, Africa, 
aegypti polynesiensis Central & South 
Aedes the bite of Americas 
albopictus female mosquito of 
M either of the two the two are Aedes aegypti 
known as ‘ J & Aedes albopictus 
Asian Tiger Mosquito species of genes Aedes 


outbreak of dengue typically occurs in summer season 
the disease has wide occurrence in tropical & sub-tropical regions 


unlike malaria, which occurs primarily in rural, dengue occurs in urban also 


dengue virus 


is the main vector that transmits : à 
is a mosquito-borne 


dengue virus d i 
; engue viruses do not 
single stranded need an animal 


RNA-positive virus reservoir 


UM rr EIE breeds indoor 
Aedes aegypti acquires the virus when 
it feeds on the blood of an infected 
person 
mV ORE wl EN m dengue viruses are arboviruses fully adapted to humans 


of genus flavivirus 


within mosquito, the virus infects its 
mid-gut & spreads subsequently to its 
salivary glans over 8-12 days 


dengue viruses are transmitted from human-to-human direct] 
a female mosquito transmits dengue virus vertically to its offsprings 


Eggs of Aedes aegypti can live without water for more than one year 


—————————w  ————— 


HIV-AIDS 


MES Ge 


"Two a i Y | 


B 


HIV-1 HIV-2 
|HIV-theAIDS — 
WE s D ti 
Higher Lower 
concentration Concentration 
o Blood © Tears 
© Semen 9 Saliva 
© Cerebrospinal © Breast milk 
fluid © Vaginal secretion 


i WE 
lite A 
m 


Tells ; A 


there are two primary types of 
lymphocytes in body - T-cells & B-cells 
both T-cells & B-cells determine the 
immune response to foreign substances 
in the body 
T-cells are called T-lymphocytes - a 
types of white blood cells 


T-cells originate in bone-marrow & 
mature in the thymus 


when a foreign substance attacks 
the body, T-cells secrete chemical 
messenger called 'cytokines' 


are immune cells produced in 
bone-marrow 


mature B-cells remain present 
POTE in blood 


— through humoral immunity, B- 
cells respond to antigens in body 


they do not react against 
transplants & cancer cells 


it is a disorder 
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Human 
of immune system HIV | Immunodeficiency Virus 
caused by Human AIDS Acquired Immune 
Immuno-deficieny Virus Deficiency Syndrome 


the virus is a protein capsule containing RNA & enzymes 
the HIV was first identified in 1981 in USA among homosexuals 


it got the name HIV in 1986 from International Committee on Taxonomy 


the first HIV case 
was identified in 
India in 1986 

in Chennai 


HIV is 
a retrovirus 


that attacks 
the helper T-cells 


& reduces the 


population of T-cells A associated with reverse 
HIV consists of a single-stranded RNA filament up iL QE 
T-cells help in the production of B cells - the immune cells 


so, the immune system got weakened with less production of T-cells 


HIV infected cases 


& carriers zidovudine didanosine 
serves as the (AZT) (DDI) 


reservoirs of infection 
once a person gets infected, the virus remain lifelong 


the virus can be transmitted even from a symptom-less carrier 


ELISA Enzyme Linked Immunosorbent 
Serologic Assay 
there are both 
direct & indirect tests rDNA | Recombinant DNA 


available for the 
detecting of HIV infection 
ELISA test is the most common test in practice worldwide 
other direct tests - rDNA techniques, viral isolation in culture etc. 


the indirect tests include lymphopenia, lymphnode biopsy & more also 


ELISA detects & measures antibodies in blood; it is used to diagnose zika virus also 
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Cancer 

. Cancer 

ps cancer is an 
um n abnormal 
eoma 
| us & uncontrolled 
cancer of bones cancer of muscle division of cells in body 
tissue reb 
the cancer cells lose the property of contact inhibition 

E as a result, they divide continuously to develop into tumors 
Contact a tumor can be either of the two types - benign or non-benign tumor 
Inhibition » "m 


contact inhibition is a property 
of non-cancerous cells 
benign tumor is called 
non-malignant tumor 


is such a tumor also 
that remains confined 


E d M ie OSEE benign tumor 
it enables non-cancerous cells 
to cease proliferation & growth 
when they contact each other 
ME e ee RL in! ee to its original place 
this property is lost when the 
cells undergo malignant 
transformation 


a benign tumor does not spread elsewhere in body 


therefore, a benign/non-malignant tumor does less damage 


non-benign tumors 


are mass of 
proliferating cells 
& are designated as cells 


it refers to spread of cancer 
cells from their primary 
location to other 
region of body 


metastasis is a serious 
condition in cancer 


at latent stage, they does not show any cancer symptoms 


th ow rapidly & damage various surrounding cells 
the spread of cells may occur at later stage, they gr pie y 8 8 
through blood stream or 


lymphatic vessels 


cancer cells compete with normal cells for vital nutrients & so, affect those 


cancer can metastasize to 
nearly any region of 
the body 


carcinoma is 


the most common Leukemias are 


type of cancer commonly called blood 
cancers; leukemia is 


World Cancer Day is caused by abnormal 
World Cancer Day | observed on Feb. 4 any part of the body increase of white blood 
every year 


that can occur in 


corpuscles 


it can occur in skin or tissue lining organisms like liver 


the carcinomas have ability to spread to other parts of the body 


metastatic cancer is 
um 90% - responsible for about 


/ F \ 90% of cancer deaths cancers of connective & muscular tissues 


example - cancer of bone, cartilage, tendons, muscles 


————————w —————— 


Esencia : Science & Technology 


Cancer 


Osteoma Myoma 
" " 


cancer of bones cancer of muscle 
tissue 


———————————— 


Cancer Causing Agents 
= PR EIER LE. 


Physical carcinogens 
use of kangri, smoking, chewing of betel 
leaves & tobacco, excessive exposure to 
sunlight 


Chemical carcinogens 
caffeine, nicotine, dyes, pesticides, 
combustion of coal & oil 


Radiations 


non-ionizing radiations - UV rays 
ionizing radiations - x rays, gamma rays 


Biological agents 
excessive secretion of certain hormones, 
cancer causing viruses (oncoviruses) 


Genetic causes 


cancer causing genes (oncogenes) are 
present in almost all cells in body which 
when activated under certain conditions 
cause cancer 


Sew ee Sas 
^. ‘Treatment of - 
we al cer 32 : 


Surgery Immunotherapy 


Radiotherapy Chemotherapy 


taken from Pacific yew plant 
Taxol 
taxas buccatta 
'Vinblastine' & 'Vineristine' are used to treat 
leukaemia , but 'Taxol' is used to treat breasi 
& ovarian cancer 


Vinblastine | taken from 'catharanthus' - a weed 
taken from 'catharanthus' - a weed 


properties of 
cancer cells include 


their ability to divide 

cancer cells do not 
show any contact 
inhibition 


without control 
the life span of cancer cells is not definite anywa 
cancer cells are able to invade new sites called metastasis 


the cells resist cell death which promote development of tumors 


cancer cells 

can be detected by 

biopsy & 
histopathological studies 


as in the case 


of the tissues of body ofleuknemis 


tests of blood & bone-marrow for increased cell counts 


x-rays, CT & MRI are used for detecting internal organ cancers 


use of molecular biology to detect genes susceptible to certain cancers 


Generally used isotopes 
in radio-therapy 


in radiotherapy 


Iodine Radon 
(1-131) Cobalt (Rn -2201 


(Co-60) 


tumor cells are destroyed 


using x-rays 


but, in radiotherapy, the normal cells can also be affected 


it involves 
use of certain drugs 
to kill cancerous cells 
it checks cell division by inhibiting DNA synthesis 
but majority of the drugs have side effects like hair loss, anemia 


the anti-cancer drugs in practice are 'Vinblastine', 'Vineristine' & 'Taxol' 


it involves anti-cancer defence mechanism 
some modifiers are used to activate the immune systems 


alpha-interferon, a modifier, is used to destroy the cancer cells 


— s 
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Vitamin B-12 


GIF is a glycoprotein 
produced by the parietal cells 


of the Stomach is a nutrient 


RBCs | Red Blood Cells 


it is necessary for absorption required for 


of Vitamin B12 later on in the formation of RBCs 
ileum of small intestine 


it helps in normal functioning of the brain & nervous system 


in humans, the GIF protein is 


encoded by the GIF gene Pernicious anaemia 
it becomes reduces Vitamin B12 
absorption rate 
GIF | Gaftritic Intrinsic Factor hard to absorb 
paa EE . D " 
Vitamin Bl2 with age | during gastritic, stomach 
Vitamin Bl2 deficiency occurs during gastritis also ^| lining becomes thin 


it occurs in immune system disorders like lupus, Grave disease 


various conditions that affect small intestine may cause its deficiency also 


* is a water-soluble vitamin 

* is involved in the metabolism of 
every cell of the human body 

* is a cofactor in DNA synthesis & in 
fatty acid and amino acid metabolism 

* is one of the eight B vitamins 


Coblamin is another 
name for Vitamin B12 


deficiency of 
Vitamin Bl2results in 


anaemia & other problems 


if left untreated for long, it may result in vision loss also 


* it is called Lactobacillus plantarum 

* it is food grade bacteria 

* it can be used for fortifying daily 
foods 

* has the potential to offer a natural & 

economically sustainable alternative 


it may result in mental problems like depression, memory loss 


it further causes nerve problems like numbness, muscle weakness etc. 


a new research 


has been NDRI National Dairy 
conducted by Research Institute 
“WW: scientists 
* human gut harbors millions of AU FET 


microscopic bacteria 

* these bacteria are important for 
*maintaining healthy immune system 
*producing vitamins K & B-12 


they have isolated Vitamin Bl2 from edible bacteria 


living in culture, this edible bacteria produces Vitamin B12 


- Vitamin B-12 rich. Ts human body can't 


cs 7 "S "E it would provide natural source for Vitamin B!2 store Vit. B12 
O fish O crab cheese 9 chicken : ate idi at 
Oeggs Ored meat 0 milk various food supplements having Vitamin B2 can be created | time 
9? almond Vitamin Bl2 thus produced, would be cheaper & can be taken regularly 


Vitamin D 


The FAT SOLUBLE Vitamins 


Vitamin D 


Vitamin E 


abdomen 

* pancreas has exocrine function - 
helps in digestion 

* it regulates blood sugar in the body - 
an endocrine function 


* are found in pancreas 

* their main function is that they make 
insulin in body which controls blood 
sugar level 

* degeneration of beta cells causes 
diabetes 


* a peptide hormone 

* produced by beta cells in pancreas 

* keeps blood sugar under control 

* insulin is called 'a key' which 
unclocks the cells to absorb sugar 
from blood & use it for enrgy 


E 
Ss 


Vitamin D is 


the major source 


Vitamin D is 


the study 


diabetes is a 


Two types of di 


Type - II 


one of the four 


Vitamin D manages calcium in blood, bones & gut 


it helps cells in human body to communicate properly 


useful in cure of 


Vitamin D can cure damaged beta cells - the report 
Vitamin D triggers anti-inflammatory function of genes 


this helps cells to survive under various stressed conditions 


the researchers used 


the researchers identified a compound named iBRD9 


in a diabetic person, blood glusoce level rises 
because of dysfunction of beta cells of pancreas 


abetes 
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fat-soluble vitamins 


of Vitamin D is sunlight 


Diabetes 


is called 
hyperglycemia 


diabetes/hyperglycemia 
- the US-based research 


beta cells created from 


embryonic stem cells 


the compound iBRD9 is combined with the Vitamin D 


the combination enhances activation ofVitamin D receptors 


can be used to treat any Vitamin D deficinecy disorder 


TYPE - I Diabetes 


an autoimmune disorder 


TYPE - II Diabetes 


body becomes resistant 
to insulin 


common 


endrocrine disorder 


in human body 


y 


Type - I - juvenile diabetes - due to insulin deficiency 


- is a disease where body does not use insulin properly 


Nipah Virus 


Countries with reported ourbreaks of 


Henipavirus so far 


TIT e Malaysia 


2 unn ©) Australia 


* a virus that has RNA as its genetic 
material 

* may be single stranded or double 
Stranded 

* RNA virus reproduces rapidly & 
changes its host 


* is knwon as Flying Fox also 

* falls into the category of megabats 

* they are the natural hosts of Nipah 
virus 

* they are mammals, fuit eating & 
mostly live in warm climates 


* National Centre for Disease Control 
* it is under the Ministry of Health & 


Family Welfare 

* serves as a nodal agency for disease 
surveillance & control of diseases 
that are communicable 


the vrius belongs to 


Nipah Virus is a genus of RNA viruses 
NiV infection is a newly emerging zoonosis 


it causes severe diseases in animals & humans 


LETT O India/B.Desh 
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a new genus named 


Henipavirus 


NiV 
Nipah Virus 


cted bats 


perhaps, the 1st 
outbreak of Nipah 
occured in 2001 in 
Siliguri in West 
Bengal 


NIV infects humans 


either directly or 
through intermediaries 


infects men directly, if they eat fruit contaminated by infected bats 


subsequently, it is transmitted from one infected individual to another 


in 2004, in Bangladesh, humans got infected with NiV through this route 


i Zoonotie Disease 
it spreads from fii 


is an infectious disease 
that is transmitted from 
animals to humans 


bats to humans 


via animals also 


in 1998, NiV was first identified in Malavsia 


on that occasion, pigs became as intermediate hosts 
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Nipah Virus 


Rise in NiV infection cases among 
humans - Why? 


Nipah got its name from 


Habitat loss of fruit bats 


Kampung Sungai Nipah 


in Malaysia 


this made them nutritionally 
Stressed & weaken their immune 


it is there that its 1st outbreak happened in 1998 
system : : 5 2 


as a result, virus load in bat 
increases & more virus outflow 
in their urine/saliva 


NiV infection 


causes among humans 


encephalitis 


encephalitis is disease of inflammation of brain 


it can lead one into a state of confusion, coma & death 


* a disease of inflammation (swelling) 
of the brain 

* it may occur due to some viral 
infection or when own immune 
system attacks the brain tissue by 
mistake 


it is confirmed by 


Serum Neutralizaiton Test 


ELISA - antibody detection test 
RT-PCR - Real Time Polymerase Chain Reaction 


* National Institute of Virology 

* it is based at Pune in Maharashtra 

* itis a premier virology research 
institute in the country 

* NIV is a National Monitoring Centre on May 19, 2018 
for encephalitis, measles, hepatitis 


the outbreak occured 


in Kerala inIndia 


NiV was confirmed from the lab tests at NIV, Pune 
the authorities are studying the exact cause its occurence 


the Kerala outbreak was caused by NiVB strain - an NIV study 


* Enzyme-linked Immuno Sorbent 


Nipah outbreak occurs almost every year in Bangladesh since 2001 
Assay used to detect & measure 


antibodies in human body 

* antibodies are produced by the 
human immune system & they fight 
against antigen attack on the body 


NIV has two strains : 
no vaccine, specially 


Malaysia - NiVM for Nipah is available... 
& Bangladesh - NiVB 


Ribavirin - an anti viral 
drug is used to alleviate 
both strains have very high fatality rates NiV infection symptoms 


NiVM has ~60% & NiVB has ~85% fatality rates 


Indian Nipah virus is found genetically similar to NiVB 


i ———————— 


v 


— 
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a virus that infects 


white blood cells 


HTLV-1 which are called T-cells 


Prevalence 


rarely, it can cause agressive leukemia - cancer of WBCs 


it can impair human's ability to walk - a neurological condition 


called Human T-cell Lymphotropic Virus, it is distantly related to HIV 


HTLV-1 is transmitted HTLV-1 
is an ancient 
through unprotected sex d 


ars " . through transfusion of blood 
virus is a minute organism 

* viruses depend on infected living from infected mother to her baby 
cells 

* they do not have their own 
metabolism & infect living cells to 


survive 


through re-use of needles or syringes 


so, its mediums of transmission are same as those of HIV 


though it remains 


in body throughout 


* White Blood Cells 

* WBCs are called leukocytes also 

* white blood cells help fight infections 
& form our immune system 

* WBCs are produced in bone marrow 

* they exist in the whole body 


but infects rarely 


hardly one in twenty persons develop disease due to it 


HTLV-1 & HIV 


ATLL both are retroviruses... 


‘Adult T-cell Leukenia retroviruses are RNA viruses 


that use an enzyme reverse 
a rare form of cancer transcriptase to produce 
DNA from RNA 


* Human Immunodeficiency Virus HAM 


* known as AIDS vi Iso 
lods HTLV-1 Associated Myelopath 


* HIV attacks on human immune 
system & alters it causes inflammation in spinal cord 


* globally, ~40 million people are living 
with AIDS 


among the two - ATLL & HAM, HAM is known to be less common 


spreading fastly among ab-originals ofAustralia 
45% among aboriginals inAustralia are carrying the virus 


WHO has urged scientists to eliminate the deadly ancient virus 


————————w —————— 


Chromosomes 


Insomnia 


thread-like strucutre 


cell 


carry hereditary 
information in the 


form of genes 


humans have 23 


each cell 


* the most common type of diabetes 

* in this, body becomes insulin 
resistant 

* body could not use insulin properly 

* itis a metabolic disorder 

* it may be reversible 


* a hormone poduced by pancreas 

* it controls sugar level in blood from 
becoming too high or too low 

* insulin helps body to use sugar from 
cabohydrates and storing extra sugar 


* a physical unit of heredity 

* genes are segments of DNA 

* genes act as instructors to make 
molecules (proteins) 

* humans have about 20000-25000 


genes 


in the nucleus of each 


chromosome pairs in 


scientists have identified specific genes 


that may trigger the development of insomnia 


insomnia is a sleep disorder 
people suffering from insomnia find it difficult to 
fall aspleep OR 
stay asleep 
insomnia causes various long-term health issues like 
heart disease 
type-2 diabetes 
mental illness like 


post-traumatic stress disorder (PTSD) 


suicide 


US scientists have 
identified specific genes that may trigger insomnia 
found genetic link between insomnia and 
psychiatric disorders like depression OR 
physical conditions like type-2 diabetes 
the study is based on DNA samples of about 33000 soldiers 
the conclusion was that insomnia 
has a partially inheritable basis 


was linked to the occurrence of 
specific variant on Chromosome 7 


is close to AUTS2 
what is AUTS2? 


is a gene related to 


neurological disorders 


intellectual disability 


developmental delay 


-related electric signallin 


Avian Influenza 


Total Cases Deaths 


No human death case 
reported of H5N1 in India 


yes, it is considered one 
among the zoonotic diseases 


Source: WHO : 
human beings are infected by some 


of the Type A viruses which include 


avian influenza sub types 


ie onatic discasc? 
-I Hr Nm tie (H5N1), (H7N9) & (H9N2) 


* is one that can be transferred from 
animals to humans 

* avian influenza (bird flu) & SARS are 
two such diseases among others 

* bird flue has potential to influence 

multiple species of livestock 


swine influenza sub types 
(HINI), (H1N2) & (H3N2) 


human infections occur 


through direct contact of humans with 


infected poultry/animals 


& contaminated environment 


* Severe Acute Respiratory Syndrome 

* is a viral respiratory diseases 

* it is contagious disease of zoonotic 
origin 

* was recognized in 2003 in China 

* spread by bats to animals 


in January 2018 
case of H5NI virus 


has been confirmed among poultry birds 


in the State of Karnataka 


it was confirmed by National Institute of High Security Animal Diseases 
at Bhopal in Madhya Pradesh 


infect humans & animals; has 
sustained human to human 
transmission; can cause 
influenza epidemic 


Type B circulates among humans & 
cause seasonal epidemics 
TypeC | can infect both humans & pigs 
Type D infects cattle, no known cases 
of its causing illness to humans 


Any special 
vaccine of H5N1? 
No, till date there 
is no such, humans 
are treated with _ 
drugs for seasonal, 
flu viruses 


H5N1 was first discovered 


in human in 1997 


when it killed about 
60% of those infected 


in September 2016 


India declared itself 


free from H5NI avian influenza virus 


chnology 
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Satellites 


any smaller object based upon 
Xm l d purpose, satellites 
at revolves atellites | se of various types 


around the larger object 


is called satellite 


smaller objects revolve around larger object in same path 


Communication 
ct holds the smaller object 


Satellite gravitational force exerted by the larger obje 


Navigation 


on) 


Wheather Earth has many artificial satellites but has only one natural satellite (mo 


Earth observation Satellites Astronomical 


they are also called 
as meteorological satellites 


this helps the 


GeoSationry Polar 
and mainly used to check meteorologists to 
: predict weather 
the climate & weather BY ditions 
conditions of the earth 
Satelli they continuously measure, amount of heat released from earth surface 
atellite 


sensors called radiometers are used to measure the intensity of radiation 


these satellites capture the mass of cloud covered in the sky to predict rain 


these are launched into two types of orbits: geostationary orbit & polar orbit 


so when seen from earth, 
these satellites will 
appear to be at the same 
spot throughout 


these satellites 
rotate in the direction 


of the rotation of earth 


t Earth 


Orbit one revolution of satellite 


is equal to one day on earth 
s surface 


are placed into orbit at a distance of 35,800 km from earth’ 


these satellites are used for communications & weather based applications 


My Tees aoc 


Polar satellites 
revolve around the earth 


The International Space Station was 


in a north-south 
direction as opposed 


launched into orbit in 1998 
Since the entire 


earth moves below 
them, this can be 
done easily 


It is a habitable artificial satellite, it 
functions as a lab, observatory, and a 
landing base for possible expeditions s 


to east-west direction of 
the geostationary satellites 


are used where field vision of the entire earth is required in a single day 


are used in weather applications to predict weather & climate based disasters 


Science & Technology 
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Satellites 


Sts OU Communication INSAT 
it is a satellite Satellites D « GSAT 
Experimental Be zy cannes by ISRO 

Satelites 

the signals such as telephone, 


ISRO has launched many small satellites television, radio, internet signals 


mainly for the experimental purposes. 

This experiment include Remote over long diee 
Sensing, Atmospheric Studies, Payload 
Development, Orbit Controls, recovery 
technology etc to transmit information wirelessly, light signals or em waves are used 


electrical signal is used to transmit information through the wire 


as light signals cannot bend around earth's curvature, so for long distance 


INS-1C, INS-1A, INS-1B, APPLE, 
transmissions, a single or multiple satellites are used to redirect the signals 


Aryabhata , Microsat 


The navigation satellites 


Student 
Satellites 


navigation satellite 
system with global 
coverage is called 
Global Navigation 
Satellite SyStem 


determine the 


geographic location 
Capable Universities & institution can 
venture into space technology on-orbit 
with guidance & support from ISRO or any other object 


examples of Global Navigation Satellite System (GNSS) are: 
US's GPS & India's IRNSS-Indian Regional Navigation Satellite System 


of ships, aircrafts, 


NIUSAT, PRATHAM, PISAT, 
SATHYABAMASAT, SWAYAM, 
SRMSat, Jugnu, STUDSAT, ANUSAT, 
YOUTHSAT are student satellites 


launched by ISRO These 
Earth observation satellites satellites are 
also used to 
are mainly used to observe map the 


Earth Observation terrain 


the earth from its orbit 


satellites 
it detects changes in the earth vegetation, ocean color, emitted radiations 


Currently, 13 operational satellites are in = 


Sun-synchronous orbit — 
RESOURCESAT-1, 2, 2A CARTOSAT-1, 
2, 2A, 2B, RISAT-1 and 2, 
OCEANSAT-2, Megha-Tropiques, 
SARAL, SCATSAT-1 


4 in Geostationary orbit- INSAT-3D, 
Kalpana & INSAT 3A, INSAT -3DR 


are used to observe 


distant galaxies, stars, 
planets, natural satellites, 


and other objects in the space 


these are mainly used to find the new planets, stars and galaxies 


PES 


Hubble Space 
Telescope 


Hubble space telescope is NASA's one These are able to see objects 


of the most famous and largest 
astronomical satellites 


It captures extremely high-resolution are used for military purposes 


images from the space their operation is kept secret, DRONES are part of this system 


on the ground & 


ee ee 
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GTO, GSO & LEO 


Geosynchronous Orbit 
ne is a high Earth orbit 


allows satellites to match Earth's rotation 


E LE 


à 
wA T fv 


satellites are placed in geosynchronous orbit above Earth's Equator 


this position is important for monitoring weather, communication & surveillance 


Num 


Van Allen Belts the higher a 


Low Earth Orbit satellite is above 
. Perigee & Apogee 


* Perigee - the point in a satellite's 
elliptical path around the Earth at 
which it is closest to Earth's centre 

* Apogee - the point of maximum 
distance between the satellite & the 

centre of the Earth 


Van Allen Radiation Belts 


* a zone of charged particles 

* the energetic charged paritcles are 
trapped at high altitudes in Earth's 
magnetic field 

* the zone was discovered by James A. 

Van Allen in 1958 


: Van Allen Radiation Belts 


* are highly intense over the Equator 

* this zone is absent over the poles 

* contain charged particles of both 
solar & atmospheric origin 

* they are not part of our atmosphere, 

extend into space much beyond that 


with an altitude between the Earth, the 
slower it moves 
Earth's surface & up to 2000 km 


objects in LEO 


encounter atmospheric drag 
from gases in thermosphere or exosphere 
depending on the orbit height 

so far, placed in LEO are 

the Space Shuttle 

International S pace Station 

& the Hubble S pace Telescope 
the labs/stations/missions, which we want to visit often, are placed into LEO 


objects in LEO orbit lie between denser atmos phere & Van Allen Radiation Belt 


Geostationary Transfer Orbit 
is also termed as 
Geosynchronous Transfer Orbit 
GTO is an 
orbit around the Earth 
used as an intermediate stage 
between LEO & GSO 

GTO is an eclipse where 

perigee is a point on the LEO 

apogee has the same distance from the Earth as the GSO 
in 2017, India's GSAT-17 was launched into GTO from Kourou (French Guiana) 


GSAT-17 is India's heaviest communication satellite till date; GSAT-11 may be next 


Se ee SG SOMMEIL TEL 
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Launches & Launch 
Stations of ISRO 


Future: | 
*GSLV MK IU 
*RLV-TD 
*Scramjet Engine- 
TD 


Various Launch Vehicles 


Launch Vehicle SLV-3 ASLV PSLV-XL GSLV-MkII v. sa ey 
— on 
Propulsion All solid All solid Solid & Liquid Solid, Liquid & Solid, Liquid & 

Cryogenic Cryogenic 
Payload mass 40 kg 150 kg 1860 kg 


* LEO : Low Earth Orbit * GTO : Geosynchronous Transfer Orbit 


cience & Technology 
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PSLV & GSLV 


Recent launches by ISRO 


z 
pua a 


Three Vehicles of GSLV launched 


e GSLV - MK I: Ist flight in 2001 & 
now retired 

e GSLV - MK II : Ist flight in 2010 & 
Still active 

e GSLV - MK III: 1st flight in 2017 & 

Still active 


Chandrayan - India's lunar mission . 


Polar Satellite Launch Vehicle 


India's 3rd generation launch vehicle 
was first launched by ISRO in 1994 


PSLV is the FIRST Indian launch vehicle to be equip ped with liquid stage engine 


has served India with 


39 successful missions 
till June 2017 
has launched successfully 
TWO spacecrafts 
Chandrayan - I in 2008 
Mars Orbit S pacecraft in 2013 
it has delivered into space 48 Indian & 209 foreign satellites 
India's PSLV has a record of launching 104 satellites in a single flight 


GSLV isa oN HTPB 


^ m ‘soil fuel named 
; n collect scientific information 4th generation launch vehicle Hydroxyl-ferminated ` 
its 1st phase was launched in 2008 developed by India polybutadiene 


* the 2nd phase is planned in 2nd half 
of 2018 

* 2nd mission will be fully indigenous 

mission 


3-stages of GSLV : 
solid fuel - HTPB ` liquid fuel 
liquid fuel - UDMH + N204 
cryogenic stage - LOX + LH2 


Unsymmetrical 
Dimethylhydrazine 


GSLV -Geosynchronous Satellite Launch Vehicle 


* Mars Orbiter Mission - called 
Mangalyaan 

* India's Mars mission launched in 
2013 

* India's 1st venture in interplanetary 

space to study about Mars 


was first launched in 2001 & so far 3 vehicles of GSLV are launched 
12 flights of GSLV have been conducted & 6 with indigenous cryogenic stage 


GSAT-6A is a 


'N204 


communication satellite Dinitrogen tetroxide `. ` 


built by ISRO 


this is a recent launch by ISRO in March 2018 


it is to provide mobile communication services through mutli-beam coverage 


— s 
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PSLV & GSLV 
- the comparison 


An orbit is called Sun-synchronous 
orbit when the angle between the line 
joining the centre of the Earth, the 
satellite and the Sun is constant 
throughout the orbit...due to their 
Sun-synchronous nature, these orbits 
are called Low Earth Orbits (LEO) 


GSO is Geo-synchronous orbit. GSO is 


a high Earth orbit that allows satellites 
to match Earth's rotation... this 
position is located at about 36000 km 
above the Earth's equator... it is a 
valuable spot for monitoring weather, 
communication & surveillance... 


Satellites that are in Geo-synchronous 
orbit are called geostationary because 
the satellites orbit at the same speed 
at which the Earth is turning... 
therefore, the satellite seems 
stationary at a place over a longitude, 
though it may drift north to south... 


PSLV places remote sensing satellites 
into Low Earth Orbit (LEO) which 
orbit the Earth from pole-to-pole at 
about 98 ° orbital plane inclination... 
such an orbit is called Sun- 


synchronous circular polar orbit... 


ir? 


PSLV is older than GSLV 
PSLV was first launched in 1994 & GSLV in 2001 


GSLV inherits 
some of the technologies 
of the PSLV 
Ist Stage of GSLV is deirved from PS1 of PSLV 
Vikas engine in 2nd stage of GSLV is derived from PS2 of PSLV 


fuel used 
PSLV uses solid & liquid propellant engines 
GSLV uses more efficient cryogenic fuel engine 
Stages in both 
PSLV has 4-stage engines 


two solid fuel 
& two liquid fuel 


GSLV has 3-stages engines - solid, liquid & cryogenic 


PSLV can place objects upto 
1750 kg in LEO up to 600 km 
& 1425 kg into GTO 


GSLV can place objects up to 


8000 kg in LEO up to 600 km en 
& 4000 kg into GTO Seosy neha 
Transfer 
Orbit 


PSLV is used for placing 
Earth Observatories or Remote Sensing Satellites 
into Low Earth Orbit 


GSLV is used for launchingGeostationary Communication Satellites into GSO 
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3SLV - Mk III 


Afghanistan 
Bangladesh 


GSLV-Mk III is 
India's most powerful 
& the heaviest rocket 
it has been nicknamed as FAT BOY 


GSAT-9 
participating 
countries 


has indigenously developed cryogenic engine 


this feature has made it India's fully indigenous vehicle 


ISRO 
i Ww um developed 
GSLV-Mk III placed " 
GSAT-9 into GTO 
Satish Dhawan Space Centre in 2017 


* [ndia's space port - formed in 1971 

* has launch base infrastructure for 
Indian space programme 

* both PSLV & GSLV are launched 
form here 

* located at Sriharikota in Andhra P. 


* an island in Bay of Bengal - a barrier 
island 

* located in southern Andhra Pradesh 

* separates Pulicat Lake from Bay of 
Bengal 

* one of the two space launch centres 


^. Thumba launch centre - 


* Thumba Equatorial Rocket 
Launching Station 

* located in Kerala near southern tip 

* close to Earth's magnetic equator 

* is operated by ISRO 

* used for launching sounding rockets 


first launch of GSLV-Mk III was from Satish Dhawan S pace Centre 


it is a 3-Stage 


heavy launch vehicle 


developed by ISRO 


GSLV-Mk III has one cryogenic upper stage engine 


it has capacity about twice of that of the GSLV-Mk II 


it could pave the way for India's manned mission into space 


it has been made suitable for human launch programme into space 


India's step towards its complete self-reliance in its space programme 
its success could give India an opening into global satellite launch market 


India's cost of launching heavy space vehilces will be substantially reduced 


Currently only 3 cóuntries 
are capable of launching : 
manned mission into ' 
Space; the-countries - 
are - USA, Russia 
' & China 


launched in 2017 
for India's neighbours 


by GSLV-Mk III 


Sriharikota 
in Andhra Pradesh 


; pas: à participated by SAARC nations except Pakistan 
Space launc à; 
centres therefore, GSAT-9 is known asS outh Asian Satellite also 


it is a communication satellite to support international partnerships 
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Cryogenic Engine 


How does the system work? 


Chemical energy is converted into 
heat energy through combustion 


Y 


Gases are produced 


a rocket engine using 


cryogenic propellant 


consisting of fuel & oxidizer 


such an engine is more efficient than liquid & solid propellant engines 


Gases escape through combustion 
chamber at very high velocity 


cryogenic engine is an engine used in cryogenic stage space launch vehicle 
& gain Kinetic Energy 


the greater the chemical energy, the 
higher will be the exit velocity & 


more thrust will be produced cryogenic propellants 


are the combination of 


What is cryogenic? - fuel & oxidizer 


are gaseous at room temperature 


* science of temperature < 120? Kelvin 
or -153°C 

* the limit is defined by the boiling 
point of methane 

* methane is a principal component of 

natural gas 


high density propellant which liquefies at very low temperature 


two components 


of cryogenic propellant 


AS ^ i if li id Ox 
— What is specific impulse? — iquid oxygen (LOX) . 
| liquefies at -183 C 
* thrust generated per unit mass of areal T 
1qui yarogen 


propellant consumed per unit of time 
* it is the measure of efficiency for 
rocket engines 
* the higher is the specific impulse, the 
more will be the efficiency of engine 


liquefies at - 253°C 


liquid hydrogen is a fuel component & liquid oxygen is an oxidizer 


cryogenic propellants 


What is thrust? 
are more efficient 

* is a force that moves an aircraft 
through the air 

* it is used to overcome drag of an 
airplane 

* is generated by aircraft's engine 

through propulsion system 


with higher specific impulse 


less amount of cryogenic propellant can produce same amount of thrust 


Propellant Specific Impulse 


Solid propellants 
Earth storable liquid propellants like hydrazine 
Cryogenic mixture of LOX & LH2 
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ISRO's Green Propellant 


Y Uses of Hydrazine 
ER in rocket engines as propellant 


in polymer foams - used as a 
. in pharmaceuticals & agro 
as an oxygen scavenger in nuclear 


& conventional power plants to 
avoid corrosion 


* oxidizers are readily reacting agents 

* can be solid, liquids or gases 

* fuels require an oxidizer to burn 

* oxidizers may not be necessarily 
combustible 

* but, they intensify combustion 


Monopropellant 


* monopropellant is a propellant that 
does not require separate oxidizer to 
burn 

* it contains oxidizer with it 

* so, it is used in space vehicles as 

there is no oxygen in space 


SR Corrosion 


* corrosion is degradaton of a metal 

* it is caused by various corrosive 
agents that produce chemical 
reactions 

* rust is a common type of corrosion 

* a corroded material is more stable 


propellant is a substance 
used to produce motive force 
to move an object 


in this, chemical reaction may be involved or not 


re chemical reaction, a solid 


propellant can be a gas, liquid or, befo 


gasoline, jet fuel, rocket fuel & oxidizer are commonly known propellants 


scientists at ISRO 


are developing new, 
environment friendly 


green prop ellant 


green propellant is the modern-age propellant 


Fuel requires O2 to burn, can 


burn in its presence only 


yes, for common man 
it is the same 


but there is difference between the two 


fuel does not have any oxygen or oxidizer contained in it 


but a propellant is the combination of the two - fuel & oxidizer 


Hydrazine is Stored 


hydrazine rocket fuel in liquid form 


is the conventional propellant 


used for long 


hydrazine is monopropellant & has high performing characteristics 


Hydrazine 


no, hydrazine e chemical formula: N 2H4 
is unsafe & it is e is flammable & colorless, but 
s has odour like ammonia 
toxic * is highly unstable...therefore, 
carcinogenic it is handled in solutions 
& highly corrosive 


moreover, it is not convenient to handle it & it is highly unstable 


ND "cM E 
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ISRO's Green Propellant 


More about VASIMR 4 
a plasma-based future propulsion 
system with hydrogen used as a fuel 


NASA is working on this 


in this, fuel is ionized into plasma 


electric fields heat & accelerate the 
plasma & magnetic fields direct the 
plasma in proper direction 


it is safer for astronauts as it 
protects them from dangerous 
effects of radiation 


* a space agency of Government of 
India headquartered at Bangalore 

* was founded by Vikram Sarabhai in 
1969 

* is harnessing space technology for 

national development 


* Japan Aerospace Exploration Agency 

* is aerospace-related national research 
& development agency of Japan 

* was established in 2003 by the 
merger of three independent 
organizations 


* variable specific impulse magneto- 
plasma rocket 


* it uses radio-waves to ionize & heat a 
propellant 

* it allows for faster space travel & is 
safer for astronauts 


green propellant is 


a propellant blend 


based on HAN 


a liquid monopropellant 


it is a blend of HAN, ammonium nitrate, methanol & water 


green propellant will replace hydrazine as propellant in space programs 


hydroxylammonium nitrate 


compound ISRO is using in 


making green propellant 


JAXA is also developing it independently 


HAN is an organic compound - a salt derived from hydroxylamine & nitric acid 


HAN as propellant 


has many advantages as it 


is less toxic 
has higher density 
has Stable burning rate 


has much lower freezing point 


hence, it is better alternative to hydrazine which has many disadvantages 


ISRO's specialized organ 
Liquid Propulsion S ystems Centre 
based at Valiyamala in Kerala 
the Valiyamala centre develops advanced stages for launch vehicles 


it even develops advanced in-space propulsion systems for spacecrafts 


future propulsion systems based on 
laser energy & nuclear power 


ISRO is working on these & on variable specific impulse magneto-plasma rocket 
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ISRO's Missions 


Satellites/Missions Launched Key Features 


9 Chandrayaan-2, India's second mission to the Moon is a totally indigenous mission 
comprising of : 
* an Orbiter 
e Lander 
* Rover 


| © The Chandrayaan-2 weighing around 3290 kg and would orbit around the moon and 
perform the objectives of remote sensing the moon 


ae ..] o The payloads will collect scientific information 
‘| e on lunar topography 
e mineralogy 
e elemental abundance 
e lunar exosphere 
e signatures of hydroxyl and water-ice 


"| © GSAT-7A, ISRO's 39th communication satellite 


«| © GSLV-F11 is the 13th flight of India's Geosynchronous Satellite Launch Vehicle 
í r E S t (GSLV) and its 7th flight with indigenous Cryogenic Upper Stage (CUS) 
GSLV-FII / GSAT-7A Mission |. ~ 
lon i December 19, Die: 27 [9 GSLV —F11 is ISRO’s fourth generation launch vehicle with three stages: 
koe e The four liquid strap-ons and a solid rocket motor at the core form the first stage 
e The second stage of the vehicle is equipped with high thrust engine using liquid fuel 
e The Cryogenic Upper Stage forms the third and final stage of the vehicle 


: : 0 GSAT-7A with a lift-off mass of 2250 kg, is a geostationary satellite carrying 
communication transponders in Ku-band 


0 The Satellite is built to provide communication capability to the users over the Indian 
region 


| 0 India's next generation high throughput communication satellite 


| 6 GSAT-11 is the heaviest satellite built by ISRO 


à x i om jy «| 0 GSAT-11 is the fore-runner in the series of advanced communication satellites with 
GSAT-11 Mission > 7] multi-spot beam antenna coverage over Indian mainland and Islands 


launched on December 05, 201 18. 


dT 00 


<~ | ọ GSAT-11 will play a vital role in providing broadband services across the country 
0 It will also provide a platform to demonstrate new generation applications 


0 GSAT-11 was launched into a Geosynchronous Transfer Orbit 


Satellites/Mission Launched 
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ISRO's Missions 


Key Features 


-| © successfully launched India’s Hyper spectral Imaging Satellite (HysIS) and 30 


PSLV-C43/HysIS Mission 
launched on November 29, 2018 = 


international co-passenger satellites 


© Polar Satellite Launch Vehicle (PSLV) is a four stage launch vehicle with alternating 
solid and liquid stages 


o HyslS, the primary satellite of PSLV-C43 mission 


^| 0 The primary goal of HysIS is : 


e to study the earth’s surface in the visible, near infrared & shortwave infrared regions 
of electromagnetic spectrum 


yu a| 9 GSLV MKIII-D2, is the second developmental flight of GSLV MKII 


=| 0 GSLV-Mk III which is three-stage vehicle with 


GSLV Mk III-D2 / GSAT-29. Mission. 
launched on November 14, 20185 - 


* 


* two solid motor strap-ons 
e aliquid propellant core stage 
* a cryogenic stage 


0 it is capable of launching 4 ton class of satellite to Geosynchronous Transfer orbit 
(GTO) 


d 0 GSAT-29 satellite with a lift-off mass of 3423 kg, is a multi-beam, multiband 


commuzaicaton satulite of India 


2 3 © This is the heaviest satellite launched from India 


^] 0 This mission was designed to launch two earth observation satellites, NovaSAR and 


S1-4 
e Both satellites were injected into 583 km Sun Synchronous Orbit 


=>] e NovaSAR is a S-Band Synthetic Aperture Radar satellit 


PSLV-C42 Mission * sa aac 
launched two foreign satellites o; 
September 16, 2018 See 


el x 


e it is intended for 

+ forest mapping 

* land use 

* ice cover monitoring, flood & disaster monitoring 


e S1-4 is a high resolution Optical Earth Observation Satellite 
e it is used for : 

* surveying resources 

+ environment monitoring 

+ urban management 

* for the disaster monitoring 


'8 0 It Stands for NASA-ISRO Synthetic Aperture Radar mission 


e It is optimized for 
+ studying hazards and 
* global environmental change 


© As part of it NISAR satellite, is expected to be launched during the year 2021 


| 9 NISAR will be the first radar imaging satellite to use dual frequency 
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ISRO's Missions 
Satellites/Mission Launched Key Features 


0 LVM3-X/CARE Mission, the first experimental suborbital flight of India's latest 
generation Launch Vehicle- LVM3 


Satish D ea | © This flight of LVM3 had a passive cryogenic stage 
x genie in 201 €x: 0 Its objectives were: 

i e Flight validation of the complex atmospheric flight regime of LVM3 
e Overall integrity of the mission design, simulation & software implementation 
e Study the re-entry characteristics of Crew Module CARE 
e Validation of new design features 


Marking India's first venture into the interplanetary space, MOM will explore and 
observe Mars surface features, morphology, mineralogy and the Martian atmosphere 


© further, a specific search for methane in the Martian atmosphere will provide 
information about the possibility or the past existence of life on the planet 


Mission also known as Hypersonic Flight Experiment 


0 First Step towards realising a Two Stage To Orbit (TSTO) fully reusable vehicle 


“| o It comprises of seven satellites that were launched aboard seven PSLVs from 2013 to 
2016 
e IRNSS-1A was launched by PSLV-C22 in 2013 
e IRNSS-1B was launched by PSLV-C24 in 2014 
e IRNSS-1C was launched by PSLV-C26 in 2014 
e IRNSS-1D was launched by PSLV-C27 in 2015 
e IRNSS-1E was launched by PSLV-C31 in 2016 
e IRNSS-1F was launched by PSLV-C32 in 2016 
e IRNSS-1G was launched by PSLV-C33 in 2016 


| o The other select countries in the league includes : 
e Global Positioning System (GPS) of US 
e GLONASS of Russia 
e BeiDou of China 
e GALILEO of Europe 
e Quasi-Zenith Satellite System of Japan 


Satellites/Mission Launched 
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ISRO's Missions 


Key Features 


© GIRI stands for Gadanki Ionospheric Radar Interferometer near Tirupati, Andhra 
Pradesh 


| 0 It was set up at the National Atmospheric Research Laboratory (NARL) 


0 It is a 30 MHz radar system that will be engaged in meteor and space weather 
research 


| © It consists of a rectangular antenna array of 160 two-element Yagi-antenna 


-| 9 Tested at Propulsion Research Centre in Mahendragiri, Tamil Nadu 


Ò The successful hotbed test lasted 640 seconds 


0H | 0 Paved the way for the first developmental flight of the GSLV Mark 3 in December 


e Hydrogen as fuel, stored at minus 253 degrees Celsius 
e liquid oxygen as oxidizer at minus 193 degrees Celsius 


| 9 The satellites were launched using the Polar Satellite Launch Vehicle (PSLV) C29 
| © For the PSLV, it was the 32nd flight overall, and 31st consecutive successful launch 


| © With this, ISRO has put into orbits 57 foreign satellites belonging to 20 countries 


successfully 


| © Launched aboard the European Ariane 5 VA-227 from Kourou in French Guyana 
| 9 The 3164 kilogram GSAT-15 carried communication transponders in Ku-band 


9 It also carried GPS Aided GEO Augmented Navigation (GAGAN) payload operating 


in L1 and L5 bands 


0 GSAT-15 is the 10th communication satellite and has an estimated lifespan of 12 


0 It is India’s first dedicated satellite for astronomy research 


9 Launched aboard Polar Satellite Launch Vehicle (PSLV-C30), which is the tenth 
flight of PSLV in its 'XL' Configuration 


0 The satellite is of about 1513 kg and was placed in a 650 km orbit 
© It carries : 
e four X-ray payloads 


e one UV telescope 
e a charge particle monitor 


448 


Satellites/Mission Launched 


GSAT-6 communication satellite. 


UN 


UE 


hed in 2015 


ui. om 
GAGAN 
GPS AIDED GEO AUGMENT 


D rg 


‘Five British satellites 
launched in 2015 
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ISRO's Missions 


Key Features 


 AstroSat is the first dedicated Indian astronomy mission 


| 9 it is aimed at studying : 


e celestial sources in X-ray, optical and UV spectral bands simultaneously 


; © One of the unique features of AstroSat mission is that it enables the simultaneous 


multi-wavelength observations of various astronomical objects with a single satellite 


© Launched aboard GSLV-D6 from Sriharikota 


© This was GSLV's ninth flight and fifth developmental flight 


-| 9 GSAT-6 weighing 2117 kg is intended to provide S-band communication services 


0 GAGAN stands for GPS AIDED GEO AUGMENTED NAVIGATION 


© With this, India has become the fourth nation after the US, Europe and Japan to 
have inter-operable Satellite Based Augmentation System (SBAS) 


0 GAGAN is the first SBAS system in the world to serve the equatorial region 
0 GAGAN's goal is to provide a navigation system to assist aircraft in accurate landing 


over the Indian airspace and in the adjoining area and applicable to safety-to-life 
civil operations 


-| 9 These satellites are three identical DMC3 optical earth observation satellites and two 


auxiliary satellites, viz., CBNT-1 and De-OrbitSail 


0 These all satellites are built by Surrey Satellite Technology Limited 


0 Launched aboard PSLV-C28, which was the 13th flight of PSLV 


-| o Rukmini was the first military communication satellite developed by the ISRO for the 


Indian Defence forces, with the Indian Navy being the primary user 


0 Rukmini is used exclusively by the Indian Navy to secure real-time communications 
between its numerous warships, aircraft, submarines and land-based communication 


0 Rukmini was successfully placed into a geosynchronous orbit, around 36,000 km 
above Earth 


0 The Satellite with ARGOS and ALTIKA (SARAL) is a joint Indo-French satellite 


mission for oceanographic studies. SARAL performs altimetric measurements 
designed to study ocean circulation and sea surface elevation 


i| 0 launch vehicle: PSLV-C20 


0 Applications: Climate & Environment, Earth Observation 
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ISRO's Missions 


Satellites/Mission Launched Kev Features 


Fk ee ae TEE 


_] 9 It consists of two transponders- 
| * one indigenously developed by Indian Amateurs, with the expertise of ISRO and the 
experience of HAMSAT-INDIA 
| * The second transponder has been developed by a Dutch Amateur Radio Operator 
24 
. | 9 Launch vehicle : PSLV-C6 


| 9 METSAT (renamed as Kalpana - 1 on February 5, 2003 after the Indian born 
| American Astronaut Dr. Kalpana Chawla, who died on February 1, 2003 in the US 
Space Shuttle Columbia disaster) is the first in the series of exclusive meteorological 
satellites built by ISRO 


9 Launch vehicle : PSLV - C4 


© The main objectives of Bhaskara-II were to conduct earth observation experiments 
for applications related to hydrology, forestry, and geology 


© The Ariane Passenger Payload Experiment (APPLE) was ISRO's first indigenous, 
experimental communication satellite 


i It was launched into GTO (Geosynchronous Transfer Orbit) 


Q launch vehicle: Ariane - I 


9 launched from Kourou (CSG), French Guyana 


] 0 The Aryabhata spacecraft, named after the famous Indian astronomer, was India's 
| first satellite 


l © it was completely designed and fabricated in India and launched by a Soviet 
Kosmos-3M rocket from Kapustin Yar 


SD Application: Experimental 


Science & Technology 
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LIGO - India 


The oher TWO LIGO Observatories are at 


LIGO is an 


observatory/detector 


et LIGO Laboratory of 
‘Caltech—— California Institute of 
uu Technology 


is being set up in India 


LIGO - Laser Interferometer Gravitational Wave Observato 


it is a gravitational wave detector set to be built in India by 2025 


LIGO Laboratory of 


a mega science project, in collaboration with international universities 
Massachusetts Institute of 


Technology 


; discovered the FIRST 
EIUS gravitational waves 
to detect cosmic produced by two giant 


merging blackholes 
in 2016 


gravitational waves 


* Department of Science & Technology 

* DST was established in 1971 in India 

* works to promote new areas of S&T 

* coordinates S&T activities in India 

* falls under the Ministry of Science & 
Technology 


it discovered the FIRST gravitational waves 
produced by the two giant merging blackholes 


this discovery won a Nobel Prize in Physics in 2017 


LIGO-India 


would be world's 


3rd advanced observatory 


* Department of Atomic Energy 

* a department directly under the 
Prime Minister 

* DAE is headquartered at Mumbai 

* was established in 1954 

* develops nuclear power technology 


Nobel Prize 


* established by Alfred Nobel 

* first given 1901 in Peace, Chemistry, 
Literature, Physics & Medicine 

* from 1968, Economics has been 
added to the fields 

* presented in Sweden on Dec.10 


LIGO-India is coming up at Hingoli inMaharashtra 


it will be set up in scientific collaboration with MIT & Caltech 


is funded jointly by 
Department of Atomic Energy 


Department of Science & Technolog 


the estimated cost of the project would be around Rs.1260 cr 


Indigo Consortium consisting of 


IUCAA, Pune 
TTG inter-University Centre for RRCAT, Indore 
E Astronomy & Astrophysics PR Gondbinapar 


Institute for Plasma Research 


; the THREE will coordinate to execute the project 
Raja Ramanna Centre for 


RRCAT dieu rg oa finally, after completion, IUCAA will run the project 
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LIGO - India 


it will measure 


e are invisible but faster ripples in space 
* these are caused by some of the most 
violent & energetic processes in the 
universe 
e existene of gravitational waves was 
predicted by Albert Einstein in 1916 in 
his general theory of relativity 
e some catastrophic events in space 
produce strongest gravitational waves 
* the catastrophic events like: 
* colliding Black Holes 
* collpase of Supernovae 
* remanants of gravitational radiation 
produced by the birth of universe 


displacement with 


highest precision 


would measure displacements billion times smaller than an atom's size 


will enhance India's capabilities 


in technological areas like 


astronomy & cosmolog 


& gravitational physics etc. 


will provide a source of inspiration for young & budding scientists 


will help find the origin of gravitational waves that are detected in future 


will be helpful in training highly skilled scientific & technological manpower 


will provide access to technology useful for future precision engineering industries 


* Black Holes are formed in the universe 
by such a strong concentration of 
matter that even light cannot escape 
through 

* those are points of very high gravity 

e these are invisible 

e can be found only with the help of 
space telescopes 

e Black Holes occur when a star is dying 


Source: NASA & Caltech 


is world's largest 


gravitational wave 
observatory 


to get correct data 


measurements from different places 


are required to be combined 


— 


US already has two detectors & the 3rd in India is far away from those 
India is the best place as it is at a right distance from the US observatories 


e was propounded by Einstein in 1916 
e states that gravitational waves, unlike 
light waves, do not disperse as they 

travel through space 


US-based LIGO 


in 2015, found gravitational waves 


e was a German & got US citizenship 
later on 

* he is known for his Theory of 
Relativity in 1905 & then General 
Theory of Relativity in 1916 

e got Nobel Prize for 1921 in 1922 for 

discovery of the law of photoelectric 

effect 


coming fromBlack Hole 


found Black Hole many times larger that the size of the Sun 


till then, it was not known that such a massive Black Hole could exist 


the discovery by LIGO supports the Albert Einstein's Theory of Relativity 


it comprises two big 
laser inferometers lying 
thousands of kilometers apart 


detects origin of gravitational waves using the properties of light & space 


i? — —————— 


Wavelength 
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More about LIGO 


The SEVEN Regions of EM Spectrum 


in order of decreasing wavelength & - 


increasing energy 


LIGO is 


world's largest 


TECCET radiowaves 


microwaves gravitational wave observatory 


TOT Pe infrared ^ is the latest & the most advanced physics experiment 


See ceceannean 


9 


FA TEREERTEIT 


visible light 


Ou ultraviolet REx SHS 
6 LIGO comprises 
f gem X-rays 


4 Ou O omes two enormous 


laser interferometers 
Interferometer 


* is an investigative tool 

* it is useful in many fields of science 
& engineering 

* interferometers merge two or more 

sources of light to create measurable 

interference pattern 


. "Electromagnetic Radiation — . 


* a form of energy 

* electrically charged particles travel 
through vacuum or a medium 

* exists in the form of x-rays, gamma 
rays,radio waves, microwaves etc. 

* visible light is also a part of it 


Visible light i 


* form of electromagnetic radiation 

* these are wavelengths that are visible 
to human eye 

* one of the SEVEN regions of 

electromagnetic spectrum & falls in 

the range between IR & UV 


ÁKd1ougq 


LIGO interferometers 


are the largest ever built 


they are placed thousands of kilometers apart 


they sense the gravitational waves from the universe 


they are made much longer to make them more sensitive 


To find the origin of 
L-shaped interferometers gravitational waves 


have mirrors : LIGO uses the physical . 
at their arms' ends properties of light & space 


mirrors reflect light in order to combine light beams 


interference pattern are thus created from the light beams 


LIGO works to detect 


LIGO is said blind gravitational waves in 


the universe as was 
predicted by Einstein 


as it cannot see 


electromagnetic radiation 100 years back 


even it does not need to see electromagnetic radiation 


gravtiational waves are not part of electromagnetic radiation 


LIGO can't 


operate solo 


as typical observatories do 


ES ees a solo unit cannot detect gravitational waves precisel 
nirare 


LIGO works in coordination with its twin unit from a distance 
ultraviolet 


this is to avoid the error which may creep in due to local vibrations 


—————————w i 
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International Space Station 


its FIRST part was launched 
in 1998 by Russain Rocket 
'"Proton' 


ISS 


`. the FIRST.teám ~ 
of humans reached ISS” __ 
on November 2, 2000 


AS 5 Space Agencies & 15 nations ^ 
participating in ISS project > 


^ NASA, ~ USA 
A Canadian 
Space-Agency Mud 


` 


." European . 
Space Agency.” 


How do human 
bodies change in cardiovascular 
microgravity? _ | system; eyes etc. 


muscles; bones; 


International S pace Station (ISS) 


is a large spacecraft 
orbiting the Earth 


ISS is a science laboratory in space where astronauts live & work 
2 . 


ISS consists of 


many pieces & includes 
science labs of countries 


e USA *Japan ° Europe * Russia 
it is big enough for SIX individuals to live in 


ISS has been placed at an altitude of about 220 miles above Earth 


orbits the Earth every 90 minutes 
at a speed of 28000 km/h 


it is visible from the Earth as a bright moving object across the night sky 


International S pace S tation facilitates 


to study about people who live in space 


to do research that could not be done on Earth 


ISS is just a FIRST step before sending humans deeper into the space 


modules 


where astronuts live 


modules contains labs also where astronauts do research 


solar arrays on sides 


solar arrays convert sunlight into electricity 


attached robot arms Columbia 
: Space Shuttle 
to move astronauts around outside ier hatred 
& to control experiments there in 2003 


humans are sent to & brought from ISS by Russain spacecraft ‘Soyuz’ 


after Columbia space shuttle disaster, only ‘Soyuz’ remained for the purpose 


ir? —— 


Real Moon Artificial Moon 
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Artificial Moon 


a satellite 


in low-Earth orbit 
that will reflect sunlight 
this illumination satellite is being developed in China 
it is said artificial moon because it will shine like the real Moon 


but this artificial moon will be nearly 8 times brighter than the real one 


this is an 


ambitious 
project of China 


which will be 
completed by 2020 


Chengdu 


* is a capital city of south-western 
Sichuan province of China 

* it has a population of ~14.5 million 
& a very fertile soil 

* it is one of the most populated 

agglomeration in China 


the project is to illuminate China's Chengdu ci 
it will reflect sunlight & supplement city's Street lights 


the artificial moon will be placed only 500 km above the Earth 


mirror-like coating in satellite will reflect sunlight down to the Earth 


Low-Earth Orbit 


* an orbit within an altitude of upto 
2000 km from Earth's surface 

* labs or stations which we want to 
visit often are placed in Low-Earth 
Orbit 

* ISS is placed in Low-Earth Orbit 


the project 


has been undertaken 


by a private 
space contractor 


this is not clear whether Chinese govt has approved it or not 


it is expected to be launched from China's Xichang Satellite Launch Centre 


* International Space Station 

* it is a large spacecraft orbiting the 
Earth 

* it is a science laboratory in space 
where scientists live & work 

* it is placed at 220 miles above Earth 


the artificial moon 


will reflect sunlight 


during the night 


it could light up a distance of upto 80 km radius 


thus, it may replace all of the street lights in Chengdu 


is an elliptical path followed 


by a celestial body/satellite 
around a star or planet 


the real purpose is to bring down the electricity cost 


it will save environment from effects of coal produced power 


—————————w.w  ——— — —— 
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Artificial Moon 


ach 


Earth's albedo 


Moon's albedo 


Earth appears much brighter from Moon 
than Moon from Earth because of Earth's 
higher albedo factor than Moon 


Nocturnal Animals e 


* those animals that remain more active 


at night than during the day 

* they become passive during the day 
& sleep 

* in deserts most of the animals have 
adapted to be nocturnal 


Light Pollution e 


* light pollution is caused by excessive 
use of artificial light 

* misdirected artificial light may also 
cause light pollution 

* light pollution causes fundamental 

alteration in natural conditions 


Bi Albedo Factor 


* it is a measure of proportion of 
sunlight reflected by a surface 
without absorbing it 

* albedo factor ranges between 0 to 1 

* '0' means no light is reflected & '1' 

means 100% light is reflected 


100% 70% 100% 10% 


Incoming Reflected 
radiation light 


High Albedo 


c higher the albedo factor, 
the more illuminating a body is 


China is not 


the 1st country but, the 
S mirrors burned 
to try beaming on entering into 
sunlight back to the Earth atmosphere 


the idea of artificial moon came from a French artist 


a plan of space-based mirror failed in Germany in 1920s 


Russia did an experiment in 1993, using space-based mirrors 


it is expected to 


replace street lights 
at night, in Chengdu 
it is possible to shut it off completely, if necessary 
its location & brightness can be changed according to need 
it can assist in disaster relief by beaming light on powerless areas 


it could cut down cost of streetlights by saving ~$174 million per year 


the project 


though seems good 


but may have 
many side effects also 


it may affect life in a considerable way & have other implications 


light reflected 


from space 
could have adverse 


environmental effects 
it could affect daily routine of nocturnal animals 


it could even lead to problem of severe light pollution 


it could interfere in various astronomical observations 
it life is not certain; experts believe that it may not last longer 


high launch/maintenance cost & difficult to assemble it into space 
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Artificial Moon - 
various challenges 


many such projects 


could not succeed 


in the past also 


e.g.: experiment in Germany in 1920s & in Russia in 1993 


‘Plants use sunlight received by them with 
_ 90% efficiency; Plants receive about 


E 25.10% of incident light artificial moon 


would have 
to be permanently 


in orbit over Chengdu 


Human Body Clock 


it should be in geostationary orbit ~37000 km above Earth 


* body clock is an innate timing device 

* such clocks are composed of specific 
proteins that interact in cells in 
whole body 

* the clocks produce circadian rhythms 

that respond to light & darkness 


us .. Geostationary Orbit 


* is an orbit that allows satellites to 
keep with Earth's rotation 

* because, satellite's speed matches the 
speed of rotation of Earth, so it 

seems to be stationary at a point on 

surface 


23 Plant Life Cycle 


* plants are living things 

* they grow, mature & reproduce like 
any other living organism 

* they follow a cyclic process from 

their starting through the stages of 

growth, reporduction & maturity 


; Seed big, Std Bins ‘ : 
as ud (9 — citizens would not 


B - be able to screen out 
Plant Life Cycle 
, unwanted light 
Buen a. Fiant even, such a project misfired in Norway in 1999 
Flower 5 


ea ye DOMI ELEC een acer 


therefore, its accuracy at an altitude of 500 km only is a challenge 


missing angle of reflection by a few degrees would miss the city by miles 


there must be 


ample glow to 
replace street lights 


excess light may affect daily cycle of plants & animals 


it could confuse nocturnal animals & birds during navigation 


it may disrupt plant-life stages & may affect active life of animals 


artificial moon 


may create severe 


light pollution also 


it may affect human health & wildlife patterns badly 


it affects human body clock & therefore, human sleep also 


it causes man many diseases like obesity, depression, cancer etc. 
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Parker Solar 
Probe Mission 


LAUNCH SITE `~ 
NASA's Kennedy Space’ 
Centre; Florida 


NASA's proposed mission 


Parker a historic mission to the Sun 


Soran Sad also humanity's FIRST mission to a star 


^ LAUNCH VEHICLE, 
Delta IV-Heavy with . * 
Upper Stage 


Parker Solar Probe is part of 
Living With a Star Program 
which is managed by NASA's 


o repost Of Study m SUN di Solan Mand- Goddard S pace Flight Centre in Maryland 


the Sun is nearest to the Earth; so it to be launched in summer of 2018 - between July 31 & August 19 


can be studied closely 


it will move round the Sun 


after studying about Sun, we will be at a speed of 700000 km/hour 


able to study other stars as well 


the speed is enough to reach 


Sun is the source of heat & light; study Mumbai from Kolkata in just 


of Sun can make us to understand the 
evolution of life on the Earth 


10 seconds time 


Sun is source of solar wind; solar wind 
Streams past Earth @ more than 500 
km /second 


to explore various aspects of 


Sun-Earth system 
Solar winds affect space weather of the 


| Earth that affect life & society 
the Mission will work to 
it is important to learn about & 
predict space weather for the find how energy & heat 


protection of satellites we depend on move through solar corona 


explore what accelerates the 
solar wind & solar energetic particles 
can change the orbifs'of it will image solar wind & study 
X satellites i 


magnetic fields & 


plasma & energetic particles 


vere cari shorten the lifetimes 
% LAS ‘of satellites : the Mission will help us to forecast changes in Earth's space environment 
eather — 


can interfere with 
onboard electronics of -: 
-. satellites 


the Parker probe will be covered by a 
4.5 inch thick carbon-composite shield 


enough to withstand of about 2500? F (1377° C) 


© x 


Microbes in Space 


in2016, NASA astronaut Kate Rubins 
sequenced DNA in space for the first 
time...but the DNA was mouse DNA 

sent from the Earth 


in 2017, another NASA astronaut Peggy 
Whitson became the first to sequence 
unknown DNA in space...the results 
have been verified on the Earth 
also & found correct 


* is a multi-nation project 

* the largest ever single Structure put 
into space by man 

* 15 countries are partners in the ISS 
project 

* [ndia is not a partner in ISS 


oN, b Staphylococcus capitis 


* most common aerobic bacterium 

* may cause disease only in individuals 
with weakened immune system 

* it is transmitted into body through 
direct or indirect contact with 

contaminated person/object 


aN, _ Staphylococcus hominis 4 


* a bacterium that occurs commonly on 
human & animal skin 

* cause body odour 

* can cause infections in patients 

whose immune systems are 

weakened by chemotherapy etc. 


ee 


d “International Space. Station ass) o 
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astronauts aboard 
the International S pace Station 
have identified microbes in space 


this is the FIRST such identification of unknown microbes in space 


this is significant in the 
sense that it would help in 
real time diagnosis of astronaut ailments 
studying how microbes survive in microgravi 


identification of DNA-based extra-terrestrial life 


it is clear that microbes have ability to survive in the vacuum of space 


this is the FIRST time 
that the microbes have been identified aboard 
earlier, there was no such way 


any microbes found on space 
were to be brought on the Earth 


for their genetic identification 


there is nothing special 


those were ordinary ones 


but, this identification has proved 
that there is way to work in space 


yet, the microbes will be re-tested on Earth again 


in future, astronauts may find something unique & extra-ordina 


the microbes grown & 
sequenced in space were 


Staphylococcus capitis 


Staphylococcus hominis 


results have been verified on the Earth also and are found correct 
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Space technology 
to detect poaching 


Nightvision goggles . 
Thermal imaging in : 
complete darkness - 

- \ Detecting 

underground mining 

seeing through dust 
\& fog 


scientists use infrared detectors 


to look for stars in the night s 


Led has night vision properties 


of Infrared 


the same property of the technolog 


can be used to detect poaching activities on Earth 


even during the night time 


so, the space/star technology has come to help stop poaching acitvites also 


the innovative technology was 


J J tried to track poachers in forest by 
Yes, it can...the computer software 


can differentiate between various a team of researchers from 


species as each animals species has a Royal Astronomical Society & 
unique thermal profile... y 


Liverpool John Moores University 


e to take accurate count of wild 
animals there is a commonality between animals & stars 

e to know the types of species of wild 
animals in a particular area 

e for search & rescue operations all heat emitting bodies glow/shine 

e for identification of sick/injured 
animals 


animals emit heat as the stars do 


infrared cameras fitted on drones 


detect such heat emitting 
bodies even during night time 


which appear in infrared footage 


e difficulty during humidity TRE 
e thermal images appear less distinct 


when itis warner then, computer softwares 


seek out poachers & animals 


from infrared footage 


* are technological devices that sense 


heat and convert it into electronic the technology is used for 


signal 
e electronic signal is then processed to tracking even the camouflaged animals 


produce a thermal image 


tracking animals without disturbing their natural habitat 


protection of endangered animals to save them from extinction 


ror? 
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Practice Questions 
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SET-I 
Practice Questions for Exam 


Find correct statements from those given below: 

1. Buoyant force on an object submerged into a fluid 
is directly proportional to the weight of the fluid 
displaced by the object. 

2. Buoyant force is independent of the density of an 
object immersed in a fluid. 

3. Buoyant force directly proportional to the density 


of the fluid in which an object is immersed. 
Codes: 


(a) 1 &3 
(c) 1&2 


(b) 2&3 
(d)1,2&3 


A substance is put in water. It will keep on floating on 
water if 

(a) its relative density is greater than 1 

(b) its relative density is less than 1 

(c) it relative density is equal to 1 

(d) it has negative buoyancy 


Consider the following statements: 

l. Ata moment, a fish is swimming on water and at 
other moment, it goes deep inside the same water. 
This happens because the fish can regulate its 
buoyancy using a swim bladder. 

2. Ifan object has neutral buoyancy, it will neither 
sink nor float. 

Which of the above statements is/are correct? 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Archimedes Principle is applied 

l. indesigning ships & submarines 

2. to determine the relative density of bone & teeth 

3. inlactometers used for determining purity of milk 
4. inhydrometers used for determining the density of 


liquids 
Codes: 
(a) 1 only (b) 1, 3 & 4 
(c) 1&4 (d)1,2,3 &4 


Wings of airplanes are so designed as to help it to lift in 
air. Which of the following is useful in this designing? 
(a) Archimedes Principles 

(b) Bernoulli's Theorem 

(c) Pascal's Law 

(d) None ofthe above 


6. 


10. 


11. 
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Which of the following statements is/are correct about 
carburetor? ia 

1. Carburetor is a device used in spark ignition 

engines. . 

2. It mixes air-fuel in correct ratio in an engine. 

3. It works on the basis of Bernoulli’s Principle. 
Codes: 
(a) 1 only 
(c) 1&2 


(b) 2 only 
(d) 1,2 & 3 


Who among the following is the inventor of World 
Wide Web (www)? 
(a) Tim Berners Lee 
(c) Larry Page 


(b) Alexander Bain 
(d) None of these 


Choose the correct statement/s? 

1. Hybrid vehicles are called so because they use 
more than one form of energy to achieve 
propulsion. 

2. FAME is a programme introduced by the 
Government of India to promote the 
manufacturing of fully electric vehicles only. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following has maximum energy density? 
(a) Ethanol (b) Biodiesel 
(c) Diesel (d) Natural gas 


Select the correct statement/s from those given below: 

1. In lithium batteries, intercalated lithium compound 
is used as electrode material. 

2. Lithium battery is non-rechargeable. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Consider the following statements: 

1. In lithium-ion batteries metallic lithium is used as 
electrode material. 

2. Lithium-ion batteries are rechargeable. 

3. In portable electronics, lithium-ion batteries are 
used. 

Which of the above statements is/are correct? 

(a) 2 only (b) 1&2 

(c) 2 & 3 (d)1,2&3 


eS RE EE LL 


13. 


Select the correct statement/s from those given below: 

l. At present, India has no manufacturing facility for 
manufacture of lithium-ion batteries. 

2. China is world’s largest manufacturer of lithium- 
ion batteries. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Consider the following statements: 

l. CECRI, set up in India, is the largest laboratory of 
electrochemistry in South-East Asia. 

2. BHELisIndia'sla rgest power plant equipment 
manufacturer. 

3. Vikram Sarabhai Space Centre is an autonomous 
institute of space research in India. 

Which of the above statements is/are correct? 

Codes: 

(a) 2 only 

(co) 1&3 


(b) 1&2 
(d) 1,2 & 3 


. Which of the following statements is/are correct? 


1. In lithium-air batteries atmospheric oxygen reacts 
with lithium to produce electric energy. 

2. Energy density in lithium-air batteries is very 
high. 

3.  Lithium-air batteries cause memory effect. 

4. Spongy grapheme electrodes are used in lithium- 


air batteries. 
Codes: 
(a) 1 & 2 (b) 1,3 & 4 
(c)1,2&4 (d) 1,2,3 & 4 


. Which among the following is/are true about Cadmium 


used in NiCD batteries? 
1. It is ductile. 

2. It is malleable. 

3. It is a toxic metal. 

4. Itis soluble in acids. 


Codes: 
(a) 1&2 (b)1,2&4 
(c)2,3 &4 (d)1,2,3&4 


Why lithium batteries are preferred in electric vehicles? 

1. They have longer shelf life & are less sensitive to 
high temperatures. 

2. They have longer life span & are charged quickly. 

3. They are compact in size than other batteries. 

4. They are low in price. 


Codes: 
(a) 2 only (b) 1,2 & 3 
(c) l, 3&4 (d) 1,2, 3 & 4 


18. 
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Consider the following: l 
1. One of the major disadvantages of electric 


vehicles is that their engines require more 
maintenance than an internal combustion engine. 

2. Introduction of electric vehicles in urban centres 
may help mitigate urban heat island effect. 

Which of the above statements is/are correct? 

(b) 2 only 

(d) Neither 1 nor 2 


(a) 1 only 
(c) Both 1 & 2 


Which among the following is/are true in the context of 
India's /ntended Nationally Determined Contributions 
— India committed voluntarily in CoP-21 at Paris? 

l. Toreduce emissions intensity of India's GDP by 
about one-third by 2030 from 2005 level. 

2. To achieve at least 40% of India's installed 
capacity of electric power generation based on 
non-fossil fuels by 2030. 

3. To establish additional carbon sink of 2.5-3.0 


billion tonnes of CO, equivalent through 
additional forest & tree cover by 2030. 

Codes: 

(a) 1 only (b) 2 & 3 

()1&2 (d 1,2 &3 


. Radiometer measures the intensity of electromagnetic 


radiation in the range of 
1. visible spectrum 

2. infrared spectrum 

3. microwave spectrum 


Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d)1,2&3 


Which of the following is/are true about scatterometer? 

l. Itis high frequency microwave radar designed to 
measure backscattered radiation. 

2. It is designed to detect, measure & analyze the 


spatial content of the electromagnetic radiation. 
Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Consider the following statements about triangulation: 

l. Itisaterm related to GPS technology. 

2. It is used in optometry for correct diagnosis of eye 
diseases, 

Select the correct statement/s from those given above. 

Tick the appropriate answer using the alternative given 

in the codes below. 

Codes: 

(a) 1 only 

(c) Both | & 2 


(b) 2 only 
(d) Neither 1 nor 2 


—————————w ———————— 
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24. 


25. 


26. 


GIS technique is used in agriculture. What is the 
application of GIS in agriculture? 
|. In ascertaining the nature of soil to determine the 
suitability of crops. 
In monitoring crop rotation. 
In estimation of yield of crops. 
. In assessing the cultivable land in a region. 
Codes: 
(a)2 & 3 
(c) 1,3 &4 


(b)2&4 
(d) 1,2,3 & 4 


Consider the following statements: 

1. Both carbon stock and carbon sink have positive 
correlation with the forest cover. 

2. Carbon sinks are negative emissions of carbon 
dioxide. 

3. Forests are the largest carbon sinks on the Earth. 

Which of the above statements is/are correct? 

(a) 2 only (b) 1&2 

(c)1&3 (d) 1,2 &3 


What is economic gardening? 

(a) It refers to gardening with economic/commercial 
motive. 

(b) It is model of economic development that seeks 
the growth of local economy from within. 

(c) It is a model of economic development that 
emphasizes on the idea of market-led economy 
with centralized approach. 

(d) None of the above 


Which of the following statements is/are true about 

mangroves? 

1. Mangroves occur most commonly in a region 
between the Tropic of Cancer & Tropic of 
Capricorn. 

2. Mangrove can survive in conditions of low 
oxygen. 

3. India has the largest variety of mangrove plants. 

4. Mangroves are halophytic plants. 


Codes: 
(3)1&2 (b) 1,2 &4 
(c)2&4 (d) 1,3 &4 


Which among the following regions is/are known for 
mangrove forests in India? 

1. Sundarbans 

2. Bhitarkanika 

3.  Pichavaram 


Codes: 
(a) 1 only (b) 1 & 2 
(c) 1 & 3 (d) 1,2&3 
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The various applications of remote sensing include 
1. determination of speed & direction of wind 

2. conservation of wild species in forests 

3. detection of oil spills in seas 

4. safety of navigation 


Codes: 
(a) 2 only (b) 2 & 3 
(c)2,3 & 4 (d) 172,;3 &4 


Which among the following statements is true about 

spectral signatureof a surface? 

(a) It is the amount of radiation reflected by a surface. 

(b) It is the amount of attraction force exerted by a 
surface on another object. 

(c) It is the wavelength at which radiation can pass 
through a surface. 

(d) Itrefers to the velocity of waves through a surface. 


Select the correct statement/s from those given below: 

1. Clean water has higher reflectance in visible 
wavelength than unclean/polluted water. 

2. Rough surfaces have higher rate of reflection. 

3. Increase in moisture in leaves of plants increases 
the rate of reflection. 


Codes: 
(a) 1 only (b) 1&2 
(c)2 &3 (d) 1,2 &3 


Consider the following statements: 

1. Differential Global Positioning System is an 
improvement over the GPS. 

2. GPS uses atomic clocks. 

Which of the above statements is/are correct? 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is true about NAVSTAR? 

1. Itis a navigation system owned by America. 

2. Itis the world’s oldest navigation system. 

3. It consists of more than two dozen of satellites. 
Codes: 
(a) 2 only 
(c) 1&2 


(b) 1&3 
(d) 1,2 &3 


Select the correct statement/s about NavIC: 

1. NavIC is an Indian navigational system consisting 
of seven satellites. 
It is an operational name of IRNSS. 


3. It is based on indigenous technology developed by 
ISRO. 


4. It will cover India only. 


Codes: 
(a) 2&3 (b) 1&3 
(c) 1,2 &3 (d) 1,2,3&4 
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34. 
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36. 


37. 


38. 


39. 


40. 


Select the correct statement/s from those given below: 
l. A scalar quantity has magnitude only. 

2. Both speed & weight are scalar quantities. 
Codes: 

(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) 


Which of the following is an example of endothermic 
reaction? 


(a) Photosynthesis 
(c) Both (a) & (b) 


(b) Nuclear explosion 
(d) Neither (a) nor (b) 


When the velocity of body is tripled, then its kinetic 
energy becomes 
(a) half 

(c) triple 


(b) double 
(d) nine times 


Consider the following statements: 

l. It was Einstein who gave the mass-energy 
equivalence relation. 

2. Mass-energy equivalence is helpful in tracing the 
origin of solar energy. 

Which of the above statements is/are correct? 

(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 


Select the correct statements from those given below: 

1. Thermal equilibrium is a state in which all parts of 
a system are at the same temperature. 

2. *Zeroth Law’ is related to thermal equilibrium. 

Codes: 

(a) 1 only 

(c) Both 1 &2 


(b) 2 only 
(d) Neither 1 nor 2 


Maximum reserves of crude oil in India are found in 
(a) Eastern offshore (b) Western offshore 
(c) Gujarat (d) Assam 


Select the correct statements from those given below: 

1. Energy content in bituminous coal is higher than 
that in the anthracite. 

2. Tamil Nadu has the highest reserves of lignite in 
India. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following represents the correct 
descending order of Indian States according to coal 
reserves? 

(a) Odisha, Chhattisgarh, West Bengal, Jharkhand 

(b) Jharkhand, Odisha, West Bengal, Chhattisgarh 

(c) Odisha, Jharkhand, Chhattisgarh, West Bengal 


(d) Jharkhand, Odisha, Chhattisgarh, West Bengal 


41. 
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43. 


44. 


45. 


46. 
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um reserves of natural gas in India are found in 


Maxim 
(a) Eastern offshore (b) Western offshore 
(c) Gujarat (d) North-Eastern region 


Consider the following statements: 
1. Carbon & hydrogen molecules in fossil fuels make 


them stable. l 
2. Calorific value of any fuel is expressed in Joules 


per kilogram 
Which of the above statements are correct? 
Codes: 
(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


What is true about photovoltaic effect? 

1. Itis a physical phenomenon. 

2. Itisa chemical phenomenon. 

3. [tis process that generate voltage in a photovoltaic 
cell when it is exposed to sunlight. 


Codes: 
(a) 3 only (b) 1 & 3 
(c) 2 & 3 (d) 1,2 &3 


Select the correct statement/s: 

1. Solar panels generate direct current. 
2. Solar meters are bi-directional meters. 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following is/are true about SODIS? 

1. Itis a solar disinfection technique. 

2. It is recommended by WHO for treatment of 
household water. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is solar skin? 

(a) It is an artificial layer that protects plants from UV 
rays. 

(b) It is an artificial skin for human use to protect their 
skin from tanning. 

(c) It is protective coating for panels to improve their 
efficiency. 

(d) It is a solar-powered synthetic skin. 


What is the use of trackers in solar panels? 

1. To maximize electricity production. 

2. To keep solar panels shifting to match the location 
of the Sun. 


3. To prevent the theft of solar equipment installed in 
a remote location 


Codes: 
(a) 1 only (b) 2 only 
(c) 3 only (d)1&2 
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54. 


Bharat Heavy Electricals Limited is India's largest 


power generation equipment manufacturer with its 
headquarters at 


(a) Mumbai 
(c) Bangalore 


(b) New Delhi 
(d) Mohali 


Select the correct statements from those given below: 
|. India is self-sufficient in production of solar cells. 


2. ISRO is the sole manufacturer of solar cells in 
India. 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


India's State with largest solar power potential is 
(a) Jammu & Kashmir (b) Rajasthan 
(c) Karnataka (d) Madhya Pradesh 


Find the correct statements: 

l. Photovoltaic cells in a solar tree are arranged in 
Fibonacci series. 

2. Fibonacci series starts with ‘0’ only. 

3. In Fibonacci series, each number is the sum of 
preceding two numbers. 


Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 & 3 


What is true about spiraling phyllataxy? 

1. It is a technique used in designing a solar tree. 

2. The term spiraling phyllataxy has been taken from 
phyllataxy which means arrangement of leaves on 
the stem or branch of a tree in such a way that they 
receive maximum sunlight. 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Consider the statements given below: 

1. Solar nano leaf is an artificial leaf used in a solar 
botanic tree. 

2. Both sides of the leave have thin photovoltaic 
film. 

3. Solar nano leaves are 2™ generation solar cells. 

Which of the above statements is/are correct? 

(a) 1 only (b) 1 & 2 

(c) 1&3 (d) 1,2 &3 


Which of the following is/are true about solar 

thermophotovoltaic cell? 

1. It is a multilayer cell. 

2. It absorbs solar heat during the day to convert it 
into electricity during the night. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
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55. Which of the following is among the Intended 


56. 


57. 


58. 


Nationally Determined Contributions (INDCs) of India 

in CoP-21? 

1. To reduce emission intensity of India’s GDP by 
33% to 35% by 2030 from 2005 level. 

2. To achieve about 40% cumulative electric power 
installed capacity from non-fossil fuel based 
energy by 2030. 

3. To create additional carbon sink of 2.5 to 3 billion 
tonnes of CO; equivalent through additional forest 


& tree cover by 2030. 

Codes: 

(a)1&2 (b) 2 & 3 

(0L2&3 (d) None of these 

Choose the correct statement/s from those given below: 

1. Jawaharlal Nehru National Solar Mission aims at 
deployment of grid connected solar power of 100 
GW by 2022. 

2. Jawaharlal Nehru National Solar Mission is one of 
the various missions under National Action Plan 
on Climate Change. 

3. Solar Energy Corporation of India is a company 
owned by Ministry of New & Renewable Energy 
to facilitate implementation of National Solar 
Mission. 

Codes: 

(a) 1 only (b) 1 &3 

(c) 2 & 3 (d) 1,2 &3 

Which of the following Statements is/are true about 


Green Climate Fund? 

1. It aims at promoting low emission & climate 
resilient development. 
The fund has its headquarters in South Korea. 

3. Green Climate Fund is the outcome of CoP-21 
held in Paris. 


Codes: 
(a) 1 only (b) 1&2 
(c)2 &3 (d) 1,2 & 3 


Consider the following statements about Energy Self- 

Sufficiency Ratio: 

1. It is the ratio between primary energy output & 
consumption. 

2. It is measured in percentage form. 

3. India has the least energy self-sufficiency. 

Which of the given Statements is/are true? 


Codes: 
(a) 1 & 2 (b) 2 &3 
(c) 1 & 3 (d) 1,2 &3 


UM COMMODI ML A T u 


59. 


60. 


61. 


62. 


63. 


Which among the following statements is/are true 

about a solar park? 

l. A solar park is a solar power generation project 
with a capacity to generate at least 1000 MW 
electricity. 

2. The scheme of solar park has been announced by 
the Ministry of New & Renewable Energy, 
Government of India. 

3. Solar Energy Corporation of India (SECI) is the 


final authority to grant approval for a solar park 
project in India. 


Codes: 
(a) 1 only (b) 2 only 
()2&3 (d)1,2&3 


Consider the following statements: 

l. UDAY is a scheme of Government of India 
launched for the financial revival of power 
DISCOMS in India. 

2. Power evacuation refers to the evacuation of 
power from producer to grid for distribution. 

Which of the above statements is/are correct? 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Select the correct Statement/s from those given below: 

l.  Transesterification is a chemical reaction that 
takes place while producing biodiesel from 
biomass. 

2. Methanol is produced by distillation of wood. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following is not a product of 
fermentation? 

(a) Lactic acid (b) Hydrogen gas 

(c) Ethanol (d) None of these 

Which among the following is not a component of 
biogas? 

(a) Hydrogen sulphide (b) Ammonia 

(c) Oxygen (d) None of these 


Which of the following statements are true about 

India's National Biofuel Policy? 

1. Biofuels are categorized into four categories. 

2. Use of surplus foodgrains has been allowed for 
ethanol production. 

3. Viability Gap Funding has been approved for bio- 
ethanol refineries. 


Codes: 
(a) 1 & 2 (b) 1 & 3 
(c) 2 & 3 (d) 1,2 & 3 
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Select the correct statement/s from those given below: 

1. India targets to halve its energy import bill by 
2030. 

2. Government of India aims to increase the 
contribution of gas in India’s energymix to 15%. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following is the correct (descending) 
order of CO, emitters? 

(a) US, China, EEA, India 

(b) China, US, India, EEA 

(c) US, China, India, EEA 

(d) China, US, EEA, India 


Which among the following greenhouse gases are not 
covered under Kyoto Protocol? 

(a) PFCs (b) HFCs 

(c) CFCs (d) SF¢ 


Which of the following substance is added to LPG to 


detect its leakage? 
(a) Ethyl acetate 
(c) Ethyl butaonate 


(b) Ethyl mercaptan 
- (d) Methyl mercaptan 


Choose the incorrect statements from those given 

below: 

1. LNG is a natural gas liquefied by lowering 
temperature to (-) 160°C. 

2. In natural gas, CO; is the second major component 
after methane. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which among the following statements represent the 
properties of ethane? 

l. Itiscolorless & odorless. 

2. It is easily ignited gas. 

3. It is heavier than air. 

4. It can create asphyxiation. 


Codes: 
(a) 1 & 3 (b) 2,3 &4 
(01,2&4 (d) 1,2,3 &4 


Consider the statements given below: 

l. Dry ice is carbon dioxide separated from natural 
gas & condensed to a solid form. 

2. Dry ice is used for artificial rain as an enhancer. 

3. LPG contains butane & propane in 40:60 ratio. 

Which of the above statements is/are correct? 

Codes: 


(a) 1 only 
(c) 3 only 


(b) 1 & 2 
(d1,2&3 


72. Which among the following is/are matched correctly? 
Region 


Largest natural gas producer 
1. Asia 


China 
2. Africa Libya 
3. South America Argentina 
4. Europe Norway 
Codes: 
(a) 1,3 &4 (b) 2 & 3 
(c)3 & 4 (d) None of these 


73. Select the correct statement/s from those given below: 


1. Cogeneration is the production of heat & 


electricity simultaneously. 
2. Cogeneration technology is more efficient & 
environment friendly. 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


74. Syngas is mainly composed of 
(a) hydrogen & carbon monoxide 
(b) methane & carbon monoxide 
(c) ethane & carbon dioxide 
(d) propane & butane 


75. Consider the following statements: 
1. Syngas is used as an intermediate in processing 
synthetic petroleum. 
2. Syngas is used to power hydrogen fuel cells. 
3. Syngas is produced by gasification of carbon 
containing fuel. 
Which of the above statements is/are correct? 


Codes: 
(a) 3 only (b) 1 &2 
(c) ] & 3 (d) 1,2 &3 


76. Select the correct statement/s from those given below: 
1. IGCC technology is used to produce syngas. 
2. Gas Authority of India Limited is responsible for 


distribution of gas only. 
Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


71. Which of the following is/are true about shale gas? 
l. Shale gas isa non-conventional source of energy. 
2. Shale gas is produced from a sedimentary rock 
called shale. 
3.  Catagenesis - a process involved in the production 
of shale gas is a thermal process. 


Codes: 
(a) 1 only (b) 1 &2 
(b) 2 & 3 (d) 1,2 &3 
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78. Shale gas can potentially be found in India at 


19; 


80. 


81. 


82. 


83. 


1. Ganga basin 

2. Cambay basin 

3. Gondwana basin 

4. Assam-Arakan region 


Codes: 
(a) 2 only (b) 2 & 3 
(c) 1,3 &4 (d) 1, 2,3 & 4 


Consider the following statements about pyrolysis: 

1. It is thermo-chemical treatment of a material. 

2. This treatment/process is performed in the absence 
of oxygen. 

3. Pyrolysis can be applied to any organic matter. 

Which of the above statements is/are correct? 


Codes: 
(a) 1 only (b) 1 &2 
(c) 2 & 3 (d) 1,2 &3 


Turkmenistan-A fghanistan-Pakistan-India (TAPI) & 
Iran-Pakistan-India (IPI) are two pipelines that are 
constructed to supply natural gas to India. The two 
pipelines join at 
(a) Multan 

(c) Asaluyen 


(b) Fazilka 
(d) None of these 


Resistance of a conductor depends on 
1. Length of conductor 

2. Cross section area of conductor 
3. Nature of material of conductor 


Codes: 

(a) 1&2 (5) 2 & 3 
(c) 1 & 3 (d)1,2,& 3 
Read the statements 


1l. Metals and alloys have low resistivity 

2. Metals and alloys are good conductors of 
electricity 

Select the correct statement/s from those given below: 

(a) statement 1 is correct 

(b) statement 2 is correct 

(c) both statements are correct but statement 2 is not 
the explanation of 1 

(d) both statements are correct and statement 2 is the 
explanantion of 1 


Transformer is a device that transforms electrical 
energy from one circuit into another. 

What is not true about transformers? 

1. Itis based on electromagnetic induction 

2. It can be used in case of AC only 

3.  Itcan be used for both AC & DC 


Codes: 
(a) 1 &2 (b) 2& 3 
(c) 1&3 (d)1,2 &3 
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Which of the following statement/s are correct? 

1. Inductors (choke) allow DC but oppose rapidly 
changing current. 

2. Capacitors store electric energy in the form of 
electric charge. 

3. Capacitors allow only DC current. 


Codes: 
(a) 1] &2 (b) 2&3 
(c) 1&3 (d) 1,2 & 3 


Domestic electrical wiring is basically a 
(a) Series connection (b) parallel connection 

(c) Combination of series and parallel connection 

(d) Series connection with in each room and parallel 


connection else where 


Tungsten is used as filament in electric bulbs because 
1. High melting point of tungsten 
2. Its high flexibility & low evaporation rate at high 


temperature 
Codes: 
(a) Lonly (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements are correct? 

l. Manglev technology in trains uses electromagnets 

2. Dynamo works on the principle of electro 
magnetic induction 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statement/s are correct? 

1. Heart and brain of human body produce magnetic 
field 

2. Magnetic field inside human body forms the basis 
of getting images of different parts of the body 


through MRI technique 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


What is true about SQUIDS  (Superconducting 

Quantrem Interference Devices)? 

1. SQUIDS uses semiconductors 

2. These can detect even the weakest magnetic field 

3. These are used in mine detection equipment to 
help in the removal of land mine 

Codes: 

(a) 1&2 

(c) 1 & 3 


(b)2 & 3 
(d) 1,2 & 3 


Nipermag is an alloy of 
Aluminium 

Iron 

Nickel 

Cobalt 

5. Titanium 

Codes: 

(a)1,3&4 

(c) 1, 2& 5 


Bu 3 EUIS 


(b) 2,4 &5 
(d) 1,2,3 & 4 


ol 


92. 


93. 


94. 


95: 


96. 


97. 
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Which of the following statement/s are correct? 

1. Cold cathode lamps uses two phenomenon- 
fluorescence and electron discharge 

2. These lamps include CCFL and neon lamps 


Codes: 
(a) 1 only 
(c) Both 1 & 2 


Which of the following options are correct? 

1. Fluorescentlamps use phosphorous excited by 
electrons to produce light. l 

2. Fluorescent lamps are energy efficient and are best 
for indoor lighting 

Codes: 

(a) l only 

(c) Both 1 & 2 


Which of the following statement/s are correct? 

1. In LEDs the output of light ranges from red to 
blue violet. 

2. LEDs can never emit infrared energy 

Codes: 

(a) 1 only 

(c) both 


Which of the following statement/s is correct? 

1. LEDs have white filament to burn out. 

2. Bulbs in LEDs are illuminated by the movement 
of electrons. 

Codes; 

(a)l (b) 2 

(c) Both 1 & 2 (d) Neither 1 nor 2 


What is the difference between a CFL & an LED lamp? 

1. To produce light, a CFL uses mercury vapour & 
phosphorous while an LED lamp uses semi- 
conductor material. 

2. The average life span of a CFL is much longer 


(b) 2 only 
(d) Neither 1 nor 2 


(b) 2 only 
(d) Neither 1 nor 2 


(b) 2 only 
(d) Neither 1 nor 2 


than that of an LED lamp. 

3. ACFL is less energy efficient aas compared to an 
LED lamp. 

Codes: 

(a) 1 only (b) 2 & 3 

(c) 1 & 3 (d) 1,2 &3 


Which of the following statement/s is correct? 

1. Flourescent lamps are used in Nixie Tubes for 
numeric display. 

2. Infra Red Emitting Diode (IRED) is used in 
remote controls 


Codes: 

(a) lonly (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 
What is true about UJALA? 


1. It is a nation wide LED programme of GOI. 
- UJALA is a subsidized scheme. 
3. It is CFL based domestic efficient lighting 
programme. 


4. It is the second largest LED distribution program 
in the world. 


Codes: 
(1, 2&3 (b) 1,2 &4 
(c) 1 & 3 (d) 3 & 4 


Esencia : Science & Technology 


|l. When an object is moving, the friction is 
proportional & perpendicular to the normal force. 


98. Find the correct statements. 
2. Two objects of same mass & different sizes shall | 


experience the same frictional force w.r.t. each 


| 
s 
other. 
Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 
99. Find the correct statements. 
l. Coefficient of kinetic friction is slightly greater 


than the coefficient of static friction. 
2. Coefficient of friction is a scalar quantity. 
Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


100. Find the incorrect statements. 
1. Kinetic friction is independent of velocity. 
2. Kinetic force is frictional force acting on a body. 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


SET-II 


Practice Questions for Exam 


What is true about escape velocity? 

l. It is the minimum velocity required for an object 
to break free of a planet or Moon's gravitational 
force and enter orbit 

2. ]tis not affected by mass of object & distance to 
the centre of object 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 

1. Any object that is smaller than its Schwarzschild 
Radius is a ‘black hole’ 

2. It is anything with an escape velocity greater than 
the speed of light 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 

l. Einstein modified Newton's theories about 
Gravitation 

2. He did it through ‘Theory of General Relativity’ 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which factors determine the acceleration due to 
gravity? 

1. Shape of the earth 

2. Axial rotation of the earth 

3. Height above Earth’s surface 


Codes: 
(a) | (b) 2&3 
(c) 1& 3 (d) 1,2 & 3 


Find the correct statement/s about pyrometer. 

1. Pyrometer is a remote sensing thermometer 

2. A pyrometer measures the temperature of body by 
measuring radiation emitted from body 

3. It ranges from 40°C-3500°C 


Codes: 
(a) 1 & 2 (b) 2 & 3 
(c) 1& 3 (d)1,2&3 


Find the correct statement/s. 

1. Coefficient of expansion of a substance is constant 

2. Coefficient of expansion of solids is more than 
liquids 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


7. 


10. 


11. 


12. 
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Find the correct statement/s. 

1. From 0°C to 4°C, water expands on heating 
2. From 4°C to 0°C, water expands on cooling 
3. Above 4°C, water expands on heating 


Codes: 
(a) 1& 2 (b) 2&3 
(c) 1& 3 (d) 1,2 & 3 


Find the correct statement/s. 

1. Transfer of heat from colder to warmer body take 
place with the help of heat pumps 

2. Air conditioner and fridge both are heat pumps 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 &2 (d) Neither 1 nor 2 


Find the correct statement/s. 


1. Objects radiate heat below absolute zero 


temperature 
2. Heat is radiated in form of infrared radiation 
Codes: 
(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


Find the incorrect statement/s. 

]. Kepler’s first & second laws describe motion 
characters of a single planet 

2. The third law makes a comparision between the 
motion characteristics of different planets 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement/s regarding Hohmann 

transfer 

l. It is the most fuel efficient way to get from one 
circular orbit to another 

2. Hohmann transfer was invented by a German 
scientist in 1925 

3. Hohmann transfer orbit is the most efficient route 
from Earth to Mars 


Codes: 
(a) 1 (b) 2 & 3 
(c) 1& 3 (d) 1,2 & 3 


Find the incorrect statement 
(a) Laser light is artificially created light 
(b) Itis monochromatic in nature 


(c) Different light waves have different wavelength 
(d) Laser is used in Spectrometer 


DEL Ld Jl EE lu CE 


13. Find the correct statement/s 


16. 


18. 


fuer ccv ume ae GIDC hee eo ce 


|. n laser light all of the light waves have different 
wavelengths 

2. Laser beams travel longer distances as laser light 
do not spread much 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Find the correct Statements. 

1. Guided missiles use gyroscopes to track and guide 
their sources 

2. LIDAR is a remote sensing method that uses light 
in the form of pulsed laser to measure distances 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


. To scan bar codes to collect information regarding 


prices etc. which type of light is used? 
(a) LASER 

(b) White 

(c) Any light can be used 

(d) Light is not used 


Find the correct statement/s 

1. A gallium arsenide diode laser is used to set up an 
invisible fence to protect an area 

; Laser can not study the Brownian motion of 


particles 
Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


. Find the incorrect statement about Guide-star 


(a) Guide-star is an artificial star 

(b) It is created with narrow band sodium laser 
(c) Itis created in Ionosphere 

(d) Guide-star can twinkle like a real star 


ASCENDS is a Mission to be launched by NASA in 
2022. What is not true about ASCENDS? 

l. ASCENDS is to measure CO; emissions only 

2. Itis laser based approach 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


. Which of the following are characteristics of LASER? 


l. Coherence 
2. Unidirectionality 
3. Monochromatic 


Codes: 
(a) 1 &2 (b) 1 only 
(c) 2 & 3 (d) 1,2 &3 


20. 


21 


22; 


23; 


24. 


25. 


26. 
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What is true about Mesosphere? 

(a) Itis the coldest layer of atmosphere. 
(b) Temperature inversion occurs here 
(c) Noctilucent clouds are formed here 
(d) All of the above 


Find the correct statements. 

1. MASER uses microwaves 

2. LASER uses visible light but Infra Red & UV can 
never be used 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement. 

1. TEA laser is a type of Gas Laser 

2. Excimer Laser is a type of Liquid Laser 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 

1. At3-level system lasing is not possible 
2. Nd-YAG is a 4-level laser 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement/s. 

1. Nd-YAG Laser is used in LASIK surgery 

2. Efficiency of Nd-YAG Laser is about 10 times 
higher than that of the Ruby Laser 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 

l. Silicon is active centre in Ruby Laser 

2. Chromium is active centre in Nd-Y AG Laser 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement/s. 

1. DEWs are laser-based weapons 

2. DEWS are anti personnel and anti material 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of following countries are developing DEWs? 
1. China 
2. India 
3. Russia 
4. USA 
Codes: 
(2)1&2 
(c)2, 3 & 4 


(b)1,2&4 
(d)1,2,3&4 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


LIDAR is a remote sensing method which stands for 

Light Detection and Ranging. 

Which of the following statement/s is/are correct about 

LIDAR? 

l. LIDAR uses UV, invisible or near infrared source 
to sense objects 

2. LIDAR is used in self driving cars 

Codes: 

(a) 1 only 


(b) 2 only 
(c) Both 1 & 2 


(d) Neither 1 nor 2 


Find the correct statements. 
l. Sonar and Radar use sound waves 
2. LIDAR uses light waves 


Codes: 
(a) | only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Find the correct statement/s. 

l. Doppler Radar is used to measure the speed of 
wind 

2. Raman LIDAR is used to determine concentration 
of particular gas in environment 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement/s. 
1. LASIK surgery is used to cure refractive errors of 


eye 

2. It cannot cure Astigmatism 
Codes: 

(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


Find the correct Statements. 

1. LASIK surgery is a vision correction procedure 
with the use of excimer laser 

2. LASIK surgery permanently changes the shape of 
cornea 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 
1. Semiconductor lasers are used in laser printers 
2. Nd-YAG lasers are used in India's Nuclear 


Reactors 
Codes: 
(a) 1 only (b) 2 only 
(c) both (d) none 


Find the correct statements. 

l. India is developing Laser walls on Indo-Bangla 
border & Indo-Pak border 

2. Infrared cameras are used in laser walls 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


35. 


36. 


37. 


38. 


39; 


40. 


41. 


Science & Technology 


Esencia : 
Newton’s which law of motion play a part in lifting off 
a rocket? 

1. First law 

2. Second law 
3. Third law 
Codes: 

(a) 3 only 

(c) 1& 3 

A fielder pulls his hand backwards while catching the 
cricket ball. It enables the fielder to reduce the force 


exerted by the ball. l 
This can be explained on the basis of Newton’s which 


(b) 2 & 3 
(d) 1,2 & 3 


law of Motion? 
(a) First 

(b) Second 
(c) Third 

(d) None 


Find the correct statement/s 

1. Speed of light is more in solids than in liquids 

2. Speed of light doesn’t depend on the nature of 
medium 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


When a plane mirror is turned at an angle of O, the 
reflected rays turn by: 

(a) © 

(b) 20 

(c) 30 

(d) 50 


Find the number of images formed when two plane 
mirrors are inclined at 45° 

(a) 3 

(b) 5 

(c) 7 

(d) 9 


Which of the following instrument is used in celestial 
navigation to determine latitude and longitude? 

(a) Sextant 

(b) Kaleidoscope 

(c) Periscope 

(d) Telescope 


Which of the following activities make use of concave 
mirrors? 

1. Headlights of vehicles 

2. Sodium reflector lamp 

3. Ophthalmoscope 

4. Flood lights 


Codes: 
(a) 1 & 2 (D 1,2&4 
(c) 1, 3 & 4 (d1,2,3&4 
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43. 


45. 


46. 


47. 


48. 
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. What is the SI unit of power? 


(a) Kilowatt 
(b) Horse Power 
(c) Decibel 
(d) Diopter 


Hypermetropia can be corrected by 

1. Concave lens 

2. Convex lens 

3. Combination of concave and convex lens 
Codes: 
(a) 1 only 
(c) 3only 


(b) 2 only 
(d) none of the above 


. Find the correct statements. 


l. In myopia, person cannot see nearby objects 
2. Myopia is corrected by concave lens 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Find the correct statement/s. 

1. Water drops in air behave as divergent lens 

2. Air bubbles in water spherical cavity in glass 
behave as convergent lens 

Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Two images of an object are seen when the object is 
seen from a level higher than that of liquid in a 
container. This is due to: 

(a) Refraction of light 

(b) Reflection of light 

(c) Dispersion of light 

(d) Tyndall effect 


Which of the following make use of optical fibers 
1. Telecommunication 

2. Endoscopy- to examine internal body parts 
Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following phenomenon are due to total 
internal reflection of light? 

l. Sparkling of diamond 

2. Shinning of air bubbles in HO 

3. Transmission through optical fibers 

4. Twinkling of stars 


Codes: 
(a1&2 (b) 1,2&4 
(c) 1, 2 & 3 (d)1,2,3 &4 
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Which of the following phenomenon are involved in a 
rainbow formation? 

1. TI Reflection 

2. Refraction 

3. Dispersion 

4. Scattering of light 


Codes: 
(2 1&2 (b) 1,2 & 3 
(c) 1,3 &4 (d) 1,2, 3 & 4 


Find the correct statements. 

1. Speed of different colours in a medium like glass, 
water is different 

2. Speed of light is same for all colours in free space 
or vacuum 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following conditions are necessary for 
occurrence of Blood Moon Phenomenon? 


1. Full moon 

2. Occurrence of eclipse 

3. Perfect alignment of Sun, Earth & Moon 
4. Micro Moon 

5. Super Moon 

Codes: 

(31,3 &4 (b) 1,2 &3 
(c)1,2,3 & 4 (0L2,3&5 


Find the correct phenomenon. 

1. Micro Moon occurs when the moon is near the 
apogee 

2. Super Moon occurs when the moon is in perigee 

3. Blood Moon eclipse occurs during super moon 

Codes: 

(a) 1&2 

(c) 1& 3 


(b) 2 & 3 
(d) 1,2 &3 


Interference of light is used in which of the following 
phenomenon? 

1. To design optical filters 

2. In holography 

3. To determine the thickness of transparent sheets 
Codes: 
(a) 1&2 
(c) 1& 3 


(b) 2 &3 
(d) 1,2 & 3 


Find the correct Statements. 

1. Tourmaline crystal is a natural polarizing agent 
2. Nicole prism is a man made polarizing agent 
Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


55. Find the correct statement/s. 
1. Converging lenses make things appear smaller 
2. Diverging lenses give larger images 
3. Converging and diverging lenses always give 
images of equal sizes as that of objects 


Codes: 
(a) 1&2 (b) 2 &3 
(c) all (d) none 


56. Find the correct statement/s about Polaroid glasses. 
1. Made from quinine iodosulphate crystals, lined up 
in same direction in nitro cellulose sheet 
2. Transmit light in one specific plan & absorb in 
perpendicular plan 
Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


57. Find the correct statement/s 
aberrations 


regarding spherical 


l. It is an optical problem that occurs when all 
incoming light rays end up focusing at different 
points after passing through a spherical surface 

2. Spherical aberrations affect resolution & clarity 


Codes: 
(a) | only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


58. Cockroach & frog have monocular vision. 
Which parameters are visualized in monocular vision? 
l. Length 
2. Breadth 
3. Height 
Codes: 
(a)1&2 
(c) 1& 3 


(b)2 & 3 
(d) 1,2 & 3 


59. Mr. X is suffering from Astigmatism. 
Doctors prescribed him to use: 
(a) Concave lens 
(b) Convex lens 
(c) Bifocal lens 
(d) Cylindrical lens 


60. Find the correct statement/s. 
1. Incase of presbyopia, both near and far objects are 
not clearly visible 
2. Far point of eye of such persons is < oo & near 
point is <25 cm 
Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


61. 


62. 


63. 


64. 


65. 


66. 


67. 
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Find the correct statements. 
1. Cone cells of human eye can sense only three 


primary colours - Red, Blue & Yellow 
2. Cyan and magenta are secondary colours 
Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Complimentary colours are those two colours which 
when mixed together results into white colour. Which 
of the following pairs are not complimentary colours. 
(a) Red & cyan 

(b) Blue & yellow 

(c) Magenta & green 

(d) Blue & green 


Phenomenon of colours of heated objects is based on: 
(a) Pascal's law 

(b) Kirchoff's law 

(c) Kepler's law 

(d) None of these 


Find the correct Statements. 

1. RGB colours are used to generate colours on a 
computer screen 

2. CMYK colours are used in printing press 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is true about dwarf planet? 

l. Itisa celestial body that orbits around a star 

2. It has smaller gravitation, enough to clear its 
neighborhood 

3. It has very low mass which is not enough to 
assume hydrostatic equilibrium 

4. In our solar system there are five dwarf planets 


including Pluto 
Codes: 
(1,2 &3 (b) 1 &3 
(c) 2 & 4 (d) 1 &4 


Find the correct statements. 
l. A Star is said to be in hydrostatic equilibrium 
when its gravitational & gas pressure are in 


balance 

2. [na planet or star, this hydrostatic balance is self 
regulating 

Codes: 

(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following make use of Pascal's law? 
l. Hydraulic breaks 

2. Artesian well 

3. Hydraulic press 


Codes: 
(a) 1&2 (b) 2 & 3 
(c) 1& 3 (d) 1,2 & 3 
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70. 


71; 
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73: 


74. 


Speed of sound is slowest in: 
(a) Dry air 

(b) Humid air 

(c) Wood 

(d) aluminum 


Find the correct statements. 

1. Louder sound can travel a larger distance because 
of high energy 

2. Temperature falls with height and so does the 
speed of sound 

3. Sound travels slower than light, so thunder is 
heard after lightening is seen 

4. Speed of sound is independent of pressure 


Codes: 
(a)l & 2 (b)1,2&3 
(c) 1, 3&4 (d)1,2,3 & 4 


The planet mercury is revolving in an elliptical orbit 
around the sun . the kinetic energy of mercury is 
greatest at the point , where earth is 

(a) Nearest to the sun 

(b) Farthest to the sun 

(c) Atright angle to sun 

(d) None of the above 


Find the correct statements. 

1. Velocity of sound in air is not affected by change 
in pressure at a constant temperature 

2. Velocity of sound increases with increase in 
temperature & vice versa 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Sound waves of which frequencies can be used to 
measure the depth of sea by the echo method? 

(a) 15,000 Hz 

(b) 10kHz 

(c) 50kHz 

(d) 10,000Hz 


What is true about SONAR? 

l. SONAR uses ultra sound 

2. Bats communicate by means of SONAR 

3. SONAR is also used to measure depth of sea 


Codes: 
(a) 1&2 (b) 2 & 3 
(c) 1&3 (d) 1,2 & 3 


Choose the correct statement. 

l. To hear a distant echo time interval between 
original sound & the reflected one must be at least 
0.1 second 

2. The sensation of sound persist in human brain for 


about 0.1 second 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 
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75. Find the incorrect statements. 


76. 


T 


78. 


79. 


80. 


81. 


1. Incase of multiple reflections, echo can be heard 
more than once 

2. In Stethoscope, sound is heard due to multiple 
reflection of sound 

Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statement/s. 

l. Inner ear consist of three bones (Malleus, Incus & 
Stapes) 

2. Stapes is the smallest bone of human body 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct Statement. 

1. Cochlea is hearing organ 

2. Vestibular is a balancing part in human ear 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the incorrect statements. 

1. Mechanical waves can be longitudinal or 
transverse 

2. Non-mechanical waves can be longitudinal only 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Find the correct statements. 

(a) Transverse waves form only in fluids- air & water 

(b) Longitudinal waves can form in all three media- 
solid, liquid and gas 

(c) Electromagnetic waves can never be longitudinal 
waves 

(d) All of these 


Find the correct statement/s. 

1. Amplitude is an indicator of energy a wave is 
carrying 

2. Amplitude is measured in meters 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither | nor 2 


Find the incorrect statement/s. 

1. Rough and smooth surfaces look different because 
of diffraction of light 

2. Diffraction increases with increasing wavelength 

Codes: 

(a) 1 only 


(b) 2 only 
(c) Both 1 & 2 


(d) Neither 1 nor 2 
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Find the incorrect statements. 

(a) Light waves slow down when they enter liquids 
and fastens when they enter solids 

(b) Sound waves speed up in liquids and slow down 
in solids 

(c) Sound waves speed up in liquids & solids 

(d) Light waves speed up in liquids in solids 


Find the correct statements. 

(a) Heat waves and P-type seismic waves are 
longitudinal waves 

(b) S-type seismic waves are Transverse waves 

(c) Radio and spring waves are transverse 

(d) None ofthe above 


What will be the work done when the force acts at right 
angles to the direction of motion? 

(a) +ve 

(b) -ve 

(c) Zero | 

(d) None ofthe above 


A fuse is used in main electric supply as a safety 
device. 

Which of the following statements about the fuse is 
correct? 

(a) Itis connected in parallel with the main switch 

(b) Itis made mainly from silver alloys 

(c) It must have a low melting point 

(d) It must have a very high resistance 


Consider the following statements. 

An ordinary light bulb has a rather short life because: 

l. Filament wire is not uniform 

2. Bulbs cannot be evacuated completely 

3. Wires supporting the filament melt at high 


temperature 
Which of the above statements are correct? 
(a) 1&2 (b) 2 & 3 
(c) 1& 3 (d) 1, 2 &3 


Optical fiber works on the principal of 
(a) Total internal reflection 

(b) Refraction 

(c) Scattering 

(d) interference 


An air bubble in water act like a 
(a) Convex mirror 

(b) Convex lens 

(c) Concave mirror 

(d) Concave lens 


Total internal reflection can take place when light 
travels from: 

(a) Diamond to glass 

(b) Water to glass 

(c) Airto water 

(d) Air to glass 


90. 


91. 


92. 


93: 


94. 


95. 


96. 


Consider the following statements 

A person in spaceship located halfway between the 

earth and the sun will notice that the 

1. Sky is jet black 

2. Stars do not twinkle 

3. Temperature outside the spaceship is much higher 
than that on the surface of the earth 

Which of the following statements are correct? 

(a) 3 (b) 1&2 

(c)1 & 3 (d)1,2&3 


For which of the following is capillarity not the only 
reason? 

(a) Blotting ofink 

(b) Rising of underground water 

(c) Spread of water drop on a cotton cloth 

(d) Rising of water from the roots 


Consider the following statements: 

1. Ifa person looks at a coin which is in a bucket of 
water, the coin will appear to be closer than it 
really is 

2. Ifa person under water looks at a coin above, the 
water surface, the coin will appear to be at a 
higher level than it really is 


Find the correct Statements. 


(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Endoscopy, a technique used to explore the stomach or 
other internal parts of the body is based on the 
phenomenon of 

(a) Total internal reflection 

(b) Interference 

(c) Diffraction 

(d) polarization 


When a CD is seen in sunlight, rainbow like colours are 
seen. This can be explained on the basis of the 
phenomenon of 

(a) Reflection & diffraction 

(b) Reflection & transmission 

(c) Diffraction & transmission 

(d) Refraction, diffraction & transmission 


When water is heated from 0°C-10°C, its volume 
(a) Increases 

(b) Decreases 

(c) Doesn't change 

(d) First decreases and then increases 


In which one of the following is the speed of sound 
maximum 


(a) Air at 0°C 
(b) Air at 10°C 
(c) Water 
(d) Wood 
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97. Which of the following is printed on a commonly used 
| fluorescent tubelight? 


(a) 220K 
(b) 273K 
(c) 6500K 
(d) 9000K 


98. Diffusion of light takes place due to 
(a) Carbon dioxide 
(b) Dust particles 
(c) Helium 
(d) Water vapour 


99. Consider the following Statements: 

1. If magenta and yellow coloured circles intersect, 
the intersected area will have red colour 

2. Ifcyan and magenta coloured circles intersect, the 
intersected area will have blue colour 

Which of the above statements are correct? 

(a) 1 only (b) 2 only 

(c) both (d) none 


100. An oil tanker is partially filled with oil and moves 
forward on a level road with uniform acceleration. The 
free surface of oil then 
(a) Remains horizontal 
(b) Is inclined to the horizontal with smaller depth at 
the rear end 

(c) Is inclined to the horizontal with larger depth at 
the rear end 

(d) Assumes parabolic curves 
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Practice Questions for Exam 


What is the application of Somatic Cell CJ Nuclear 
Technology? 

(a) 
(b) 
(c) 
(d) 


With reference to agriculture in India, how can the 
technique of *genome sequencing', often seen in news, 
be used in the immediate future? 

l. Genome sequencing can be used to identify 
genetic markers for disease resistance and drought 
tolerance in various crop plants 

2. This technique helps in reducing the time required 
to develop new varieties of crop plants 

3. It can be used to decipher the host-pathogen 
relationships in crops 


Production of bio- larvicides 
Manufacture of biodegradable plastics 
Reproductive cloning of animals 
Production of organisms free of diseases 


Select the correct answer: 
(a) 1 only (b) 2 & 3 
(c) 1&3 (d) 1,2 & 3 


The Genetic Engineering Appraisal Committee is 
constituted under the 

(a) Food Safety and Standards Act, 2006 

(b) Geographical indication of goods (Registration 
and Protection) Act, 1999 

Environment (Protection) Act, 1986 

Wildlife (Protection) Act, 1972 


(c) 
(d) 
Which of the following statement/s is/are correct 
regarding vegetative propagation of plants? 


(a) Vegetative propagation produces clonal 
population 

(b) Vegetative propagation helps in eliminating the 
virus 

(c) Vegetative propagation can be practiced most of 
the year 

Select the correct answer: 

(a) lonly (b) 2 & 3 

(c) 1&3 (d) 1,2 & 3 


Consider the following techniques/phenomena: 
1. Budding and Grafting in fruit plants 

2. Cytoplasmic male sterility 

3. Gene silencing 

Select the correct answer: 

(b) 2 & 3 

(d) 1,2 & 3 


(a) lonly 
(c) 1 &3 
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Recombinant DNA Technology (Genetic Engineering) 
allows genes to be transferred 

1. Across different species of plants 

2. From plants to animals 

3. From microorganisms to higher organisms 

Select the correct answer: 


(a) 1 only (b) 2&3 
(c) 1 & 3 (d) 1,2 &3 
Mycorrhizal biotechnology has been used in 


rehabilitation degraded sites because mycorrhiza 


enables the plants to 

1. Resist drought and increase absorptive area 
2. Tolerate extremes of Ph 

3. Resist disease infestation 

Select the correct answer: 

(a) 1 only (b) 2 & 3 

(c) 1&3 (d) 1,2 &3 


Consider the following kinds of organisms: 

1. Bacteria 

2. Fungi 

3. Flowering plants 

Some species of which of the above kind of organisms 
are employed as biopesticides? 

(a) lonly (b) 2 & 3 

(c) 1 & 3 (d) 1,2 &3 


A genetically engineered form of brinjal known as Bt 
brinjal has been developed. The objective of this is 

(a) To make it pest resistant 

(b) To improve its taste and nutritive qualities 

(c) To make it drought resistant 

(d) To make its shelf-life longer 


Genetically modified ‘Golden Rice’ has been 
engineered to meet human nutritional requirements. 
Which of the following statements best qualifies golden 
rice? 

(a) The grains have been fortified with genes to 
provide three times higher grains per acre than 
other high-yielding varieties 

Its grains contain pro-vitamin A which upon 
ingesting is converted to vitamin A in the human 
body 

Its modified genes cause the synthesis of all the 
nine essential amino acids 


Its modified genes cause the fortification of its 
grains with vitamin D 


(b) 


(c) 


(d) 


11. Which of the following statement/s is/are incorrect? 


(a) 


(b) 


Rhizobium bacteria cannot live freely in soil, it 
can fix nitrogen only when present inside the roots 
Azolla-anabaena association is very useful in 
agriculture 

Azotobacter is free living nitrogen fixing bacteria 
Azospirillum fix nitrogen while living in 
associative symbiosis with roots of higher plants 


12. Choose the correct statement 


14. 


l; 


15. 


17. 


‘DNA finger printing’ has become a powerful tool 


to establish paternity and identity of criminals in 
rape and assault cases 


Trace evidences such as hairs, saliva and dried 
semen are adequate for DNA 
Codes; 

(a) lonly (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 


. Which one of the following organisms can serve as a 


biofertilizers for rice crop? 
(a) Blue-green algae 

(b) Rhizobium sp 

(c) Mycorrhizal fungi 

(d) Azotobacter sp 


Assertion (A): Dolly was the first cloned mammal. 
Reason (R): 
fertilization 
(a) Both A and R are true and R is the correct 
explanation of A 

Both A and R are true and R is not the correct 
explanation of A 

A is true but R is false 

A is false but R is true 


Dolly was produced by In vitro 


(b) 


(c) 
(d) 
Change in the base sequence within the gene is called 
(a) breeding (b) cloning 

(c) mutation (d) fusion 


. Which ofthe following is used in genetic engineering 


(a) Plastid 

(b) Plasmid 

(c) Mitochondria 
(d) Ribosome 


India is not the part of 

(a) Rice genome project 
(b) Human project - read 
(c) Wheat genome project 
(d) Human project - write 


'SWAYAM,, is an initiative of Government of India, 
aims at 
(a) Promoting Self Help Groups in rural areas 


20. 


2]. 


22. 
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Promoting financial and technical assistance to 


young start-up entrepreneurs 
Promoting the education and health of adolescent 


(b) 


(c) 
girls 
Providing affordable and quality education to the 
citizens for free 


(d) 


. Regarding ‘Digi Locker’ sometimes seen in the news, 


which of the following statements is/are correct? 

l. It is a digital locker system offered by the 
government under Digital India Programme 

2. It allows you to access your e-documents 
irrespective of your physical location 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


With reference to ‘Li -Fi', recently in the news, which 

of the following statements is/are correct? 

l. It uses light as the medium for high-speed data 
transmission 

2. It is a wireless technology and is several times 
faster than ‘Wi-Fi’ 


Codes: 
(a) lonly (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


With reference to ‘Near Field Communication (NFC) 

Technology’, which of the following statements is/are 

correct? 

1. It is a contactless communication technology that 
uses electromagnetic radio fields 

2. NEC is designed for use by devices which can be 
at a distance of even a meter from each other 

3. NFC can use encryption when sending sensitive 


information 

Codes: 
(a) 1 only (b) 2&3 
(c) 1&3 (d) 1,2 & 3 


What is the difference between Bluetooth and Wi-Fi 
devices? 

(a) Bluetooth uses 2.4 GHz radio frequency band, 
whereas Wi-Fi can use 2.4 GHz or 5GHz 
frequency band 

Bluetooth is used for Wireless Local Area 
Network, (WLAN) only, whereas Wi-Fi is used 
for Wireless Wide Area Networks (WWAN) only 

When information is transmitted between two 
devices using Bluetooth technology, the devices 
have to be in the line of sight of each other, but 
when Wi-Fi technology is used, the devices need 
not be in the line of sight of each other 

Statement (a) and (b) given above are correct 


(b) 


(c) 


(d) 
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23. 


24. 


25: 


26. 


2T: 


28. 


29. 


30. 


Source of Vitamin E is 
(a) Wheat germ oil 
(b) Palm oil 

(c) Mustard oil 

(d) Coconut oil 


Which of the following can operate between 2.4 & 2.5 
GHz range of radio frequency band? 

1. Bluetooth device 

2. Cordless phone 

3. Microwave oven 

4. Wi-Fi device 


Codes: 
(1&2 (b)3 &4 
(c)1,2&4 (d) 1,2,3 &4 


WiMAX is related to? 

(a) Biotechnology 

(b) Space technology 

(c) Missile technology 

(d) Communication technology 


A network of networks is simply called 


(a) Extranet (b) Intranet 

(c) Webnet (d) Internet 

Which of the following statements is/are correct? 

1. In tropical regions, Zika virus disease is 
transmitted by the same mosquito that transmits 
dengue 


2. Sexual transmission of Zika virus is possible 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


HINI virus is sometimes mentioned in the news with 
reference to which one of the following disease? 


(a) AIDS (b) Bird flu 

(c) Dengue (d) Swine flu 

Which of the following statements is/are correct? 
Vitamin Deficiency disease 

1. Vitamin C Scurvy 

2. VitaminD Rickets 

3. Vitamin E Night Blindness 

Codes: 

(a) 1&2 (b) 3 only 

(c) 1,2 &3 (d) none 


Persons with which blood groups are universal donors ? 
1. Blood group O +ve 

2. Blood group O -ve 

3. Blood group AB +ve 

4. Blood group AB -ve 


3l. 


22. 


33; 


36. 


37. 
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Which of the following has/have been eradicated from 
India? 

1. Diphtheria 

2. Chicken pox 


3. Small pox 

Codes: 

(a) 1 & 2 (b) 3only 
(01,2&3 (d) none 


Widespread resistance of malaria parasite to drugs like 

chloroquinine has prompted attempts to develop a 

malarial vaccine to combat malaria. Why is it difficult 

to develop an effective malarial vaccine? 

(a) Malaria is caused by several 
plasmodium 

(b) Man does not develop immunity to malaria during 
natural infection 

(c) Vaccines can be developed only against bacteria 

(d) Man is only an intermediate host and not the 
definitive host 


species of 


Leukemia is a type of cancer in which there is 
abnormal increase in the number of 

(a) Bone cells 

(b) Platelets 

(c) Red blood cells 

(d) White blood cells 


. Quinine, the effective medicine in the treatment of 


malaria, is extracted from 
(a) Bark of Cinnamon 

(b) Bark of Cinchona 

(c) Leaves of Ocimum 

(d) Bark of Acacia Catechu 


. Which one of the following pairs is incorrectly 


matched? 

(a) Thiamine-Beri Beri 

(b) Ascorbic acid-Scurvy 

(c) Vitamin A-Colour blindness 
(d) Vitamin K-Blood clotting 


The disease caused due to deficiency of iron is known 
as 

(a) Colour blindness 
(c) Anaemia 


(b) Night blindness 
(d) Tuberculosis 


Which among the following is responsible for 
formation of stone in human kidney? 

(a) Calcium acetate 

(b) Calcium oxalate 

(c) Sodium acetate 

(d) Sodium benzoate 
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38. 


39. 


40. 


41. 


42. 


43. 


45. 


46. 


47. 


(a) Incus 


(b) Stapes 
(c) Malleus (d) Patella 
l 49. 

Which one of the following is a water borne disease? 
(a) Smallpox (b) Malaria 
(c) Cholera (d) Tuberculosis 
t 50. 

e common name of the chemical compound 
*cholecalciferol" is 
(a) Bone calcium (b) Vitamin D 
(c)Vitamin B (d) Vitamin C 
The disease caused by deficiency of proteins in 
children is 
(a) Marasmus (b) Pellagra 
(c) Beri-Beri (d) Rickets 
The most fatal disease caused by Nipah virus is 


(a) Encephalitis 
(c) Diarhhoea 


(b) Mumps 
(d) Spinal cord inflammation 


ELISA test is done on human being for 
(a) Measurement of anti-bodies 

(b) Diagnosis of HIV 

(c) Both (a) & (b) 

(d) None of these 


. Select the correct statement from those given below: 


(a) Bio-ink is made from stem cells 

(b) Bio-ink is used in 3-D printing used for 
personalized medicine 

(c) Bio-ink contains synthetic polymers 


(d) All statements are correct 53. 


Select the correct statement from those given below: 

1. Stem cells are undifferentiated cells 

2. Stem cells are capable of dividing themselves to 
produce new specialized cells 

3. Stem cells are much effective for cure of 
Thalassemia 

Codes: 

(a) 1 only 

(c) 1&2 


(b) 3 only 
(d) 1,2 & 3 


What is lithotripsy 

(a) Art of writing on stones 

(b) Breaking of kidney stone through rays 
(c) Carbon dating of stones 

(d) Trimming stones for household use 


Abnormal level of cholesterol is associated with 
(a) Hardening of arteries 

(b) Hardening of veins 

(c) Kidney stones formation 

(d) Liver cirrhosis 


M. 


52. 


54. 
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48. Which of the following is not a fat-soluble vitamin? 


(b) Vitamin D 
(d) Vitamin E 


(a) Vitamin B 
(c) Vitamin K 


Which of the following is not an infectious disease? 
(a) AIDS (b) Chicken pox 
(c) Mumps (d) Herpes simplex 


Consider the following statements: 

1. Albert Einstein was a Nobel Laureate 

2. He was given the Nobel Prize for his Theory of 
Relativity 

3. Einstein discovered the Law of Photoelectric 
Effect Àj 

Select the correct statements from those given below: 


Codes: 
(1&2 
(c)] &3 


(b) 2 & 3 
(d) 1,2 &3 


Consider the following Statements: 

1. LIGO cannot detect EM radiation 

2. Gravitational waves are part of the EM radiation 
3. LIGO cannot function without its twin 

Which of the above statement/s is/are correct? 


Codes: 
(a) 1 only (b) 1 & 3 
(c) 2 & 3 (d) None of these 


The oral polio vaccine was discovered by 
(a) Louis Pasteur (b) Robert Koch 
(b) (c) Alexander Fleming (d) Jonas Salk 


Consider the following statements about viral diseases: 

(a) Epidemics diseases are caused by type A and type 
B virus only 

(b) Vaccination is available only for type A virus in 
influenza 

(c) Chickenpox is not a viral disease 

(d) Rabies can be transmitted through 

Choose the correct option/s 

(a)1&2 (b) 1,2 &4 

(c) 1,2: &3 (d) All the above 


Which among the given pairs are not correctly 
matched? 


Vitamin Deficiency 
1. Thiamine beri-beri 
2. Ascorbic acid scurvy 
3. Riboflavin pernicious anemia 
4. Cynocobalamin cheilosis 
Codes: 
(a) 1 only (b) 2&3 
(c) all the above (2&3 


ee 


55. Which of the following is caused by not consuming 
proper amount of Vitamin D? 
|l. Rickets 
2. Osteomalacia 
3. Xerophthalmia 
Codes: 
(a) | only 
(c) Both 1 & 2 


(b) 3only 
(d) Neither | nor 2 


56. Which of the following statements is/are correct? 
l. A scalar quantity has magnitude only 
2. Speed, temperature, thrust, weight, pressure are 
scalar quantities 
Codes: 
(a) lonly 
(b) Bothl1&2 


(b) 2 only 
(d) Neither 1 nor 2 


57. Which of the following statements is/are correct? 

l. Mass energy equivalence relation was given by 
Einstein (E-mc?) 

2. Origin of solar energy, stellar energy, nuclear 
energy are traced using this 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


58. Which of the following statements is/are correct? 
|l. Thermal equilibrium is a state in which all parts of 
system are of the same temperature 
2. Itis the subject of *Zeroth law thermodynamics’ 
Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


59. Which parts of India has maximum reserves of crude 
oil? 
(a) Eastern offshore 
(b) Western offshore 
(c) Assam 
(d) Gujarat 


60. Which parts of India has maximum reserves of Natural 


gas? 
(a) Eastern offshore (b) Western offshore 
(c) Gujarat (d) Andhra Pradesh 


61. Which of the following statements is/are correct? 
1. Bituminous coal, natural gas and oil are 


hydrocarbon 
2. Anthracite contains very little carbon 
Codes: 
(a) | only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


62. 


63. 


64. 


65. 


66. 


67. 


68. 
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Which Indian state has highest reserve of coal? 
(a) UP 

(b) Oddisha 

(c) Jharkhand 

(d) Chhattisgarh 


What is true about Photovoltaic effect? 

1. It is generation of voltage across p-n junction in a 
semiconductor 

2. Voltage is generated from absorption of sunlight 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which is world's largest Solar Power Plant? 

(a) Kamuthi Solar Power Station 

(b) Longyangxia Dam Solar Park 

(c) Kurnool Ultra Mega solar Park 

(d) Mohammad Bin Rashid Al Maktoum Solar Park 


Bharat heavy electrical limited is India's largest power 
generation equipment manufacturer with its 
headquarters at 

(a) Mumbai 

(b) New Delhi 

(c) Karnataka 


(d) Mohali 


Which of the following statements is/are correct? 

1. Photovoltaic cells in a solar tree are arranged in 
Fibonacci series 

2. A Fibonacci series starts with either 0 or 1 

Codes: 

(a) l only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is true about spiraling phyllataxy? 

l. It is a technique that is used in designing of solar 
tree 

2. It is the arrangement of leaves on the stem or 
branch of a tree in such a way that they receive 
maximum sunlight 

Codes: 

(c) 1 only 

(d) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
What is true about green climate fund? 


l. Was established at CoP-16 held at Cancun 
(Mexico) in 2012 


2. A fund for investments in low emissions & 
climate resilient development 


Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


69. What is correct about Energy Self Sufficient Ratio? 


1. It is the ratio between primary energy output and 
consumption 
It is never measured in the form of percentage 
Hong —Kong has the least energy self-sufficient & 
South Sudan had the highest one followed by 


Norway 
Codes: 
(a) 1 &2 (b) 2 & 3 
(c) 1&3 (d) 1,2 & 3 


70. Which of the following is India's top state in terms of 
approved capacity in Solar Parks? 
(a) A.P 
(b M.P 
(c) Gujarat 
(d) Rajasthan 


71. Whatis correct about DISCOM? 
l. DISCOM is distribution company that supplies 
electricity to the consumer 
2. Govt. launched UDAY - scheme in 2016 for the 
financial revival of power DISCOMS in India 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


72. Which of the following statements is/are correct? 
l. E-mail messages are usually encoded into ASCII 


text 
2. E-mails may contain non-text files also 
Codes: 
(a) lonly (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


73. Which of the following statements is/are correct? 
l. ICANN is an American non-profit organization 
which was founded in the year 1995 
2. ICANN is responsible for IP address space 


allocation 

3. Now, ICANN has replaced the Internet Assigned 
Numbers Authority 

Codes: 

(a)] & 2 (b) 2 & 3 

(c) 1 & 3 (d) 1,2 &3 


74. Li-FI is a wireless optical networking technology. 
Which of the following statements is/are correct about 


Li-Fi? 
1. LEDs transmit Li-Fi data & photoreceptors can 
receive it 


2. Li-Fi technology used the visible part of 
electromagnetic spectrum 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


yo: 


76. 
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80. 
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What is true about WiMAX? 
|. Itis standardized wireless version of Ethernet 


2. Its speed is lesser than Wi-Fi 
Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. What's app is using 128-bit encryption technology 
which India cannot break today 

2. 128-bit encryption technology is considered very 
much secure 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. Telecome Regulatory Authority of India (TRAI) is 
responsible for enforcing net neutrality in India 

2. Chile is the first country in the world to pass 
legislation on Net Neutrality in 2010 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements is/are correct about 

National Informatics centre (NIC)? 

1. It was set up in 1980 at Delhi 

2. It works under the Ministry of Electronics & 
Information Technology 

3. NIC has emerged as ‘prime builder’ of e = 
governance applications up to the grass root level 

4. It also works for the promotion of digital 
opportunities for sustainable development 


Codes: 

(a) 1&2 (b) 2,3 &4 

(c)1,2&4 (d)1,2,3&4 

Which of the following statements is/are correct about 
Meghraj? 


1. Itisa Graphic Interface Cloud 

2. It was introduced by NIC (National Informatics 
Centre) 

3. It is to accelerate the delivery of e-services in 
India 


Codes: 
(a) 1 &2 (b) 2 & 3 
(c) 1 & 3 (d) 1,2 &3 


‘Zero Defect, Zero Effect’ is a phrase associated with 
which of the following? 

(a) Bhoomi Project 

(b) ‘Make in India’ campaign 

(c) Digital India 

(d) Encryption Technology 

In which year Govt. of India initiated e-Kranti? 

(a) 2005 (b) 2010 

(c) 2014 (d) 2016 


ee ee 


82. 


83. 


84. 


85. 


86. 


87. 


Which of the following is/are women safety apps? 
(a) Himmat 

(b) Shake2safety 

(c) Smart 24*7 


(d) bSafe 

Codes: 

(a) 1&2 (b)3 & 4 

(c)1,2&4 (d)1,2,3&4 

What is true about FACTS? 

1. The latest and advanced technique in the science 
of finger printing today 

2. It is an automated Fingrprinting Identification 
System 

Codes: 

(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 


Central Finger Print Bureau has its head quarters at 
(a) Kolkata 

(b) Delhi 

(c) Shimla 

(d) None ofthe above 


3D printing has applications in which of the following? 
1. Preparation of confectionary items 

2. Manufacture of bionic ears 

3. Automotive industry 

4. Reconstruction surgery 

5. Data processing technologies 


Codes: 
(a) 1,3 &4 (b) 2,3 & 5 
(c) 1&4 (d) All the above 


Which of the following statements is/are correct about 

MODEM ? 

1. It is a device used for communication of digital 
signals over analog telephone lines 

2. It can convert a digital bit stream into an analog 
signal (modulator) & vice versa (demodulator) 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. World's first super computer was build by US 
Department of Defence in 1960s 

2. ‘PARAM 8000’, India’s first super computer was 
developed by C-DAC in 1991 

3. World's fastest super computer of the day 
developed by thr US Department of Energy & 
IBM 


Codes: 
(a) 1 &2 (2&3 
(c) 1 & 3 (d) 1,2 &3 


88. 


89. 


90. 


91: 


92. 
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Ese 


Which of the following statements is/are correct? 
1. Stratosphere exist during day time only 
2. Stratosphere reflects high frequency waves only 


Codes: 


(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. ‘Pratyush’, India's fastest super computer is set up 
at IITM, Pune in 2018 

2. ]tisIndia's first multi-petaflops super computer 
which will improve India's weather & climate 
forecasts 

3. Super computers use multiple processors 


Codes: 

(a) 1&2 (b) 2 & 3 

(c) 1 & 3 (d) 1,2 & 3 

Which of the following statements is/are true about 

magic dust? 

1. Magic dust is made from quantum particles called 
polaritons 


2. Future super computers will be based on magic 
dust 

3. Beam oflaserat stacked layers of atoms of some 
minerals produces magic dust 


Codes: 
(3)1 &2 (b) 2 &3 
(c) 1 &3 (d)1,2&3 


Which of the following statements is/are correct about 

Bose-Einstein Condensate? 

l. Itis a fifth state of matter 

2. Itis a group of atoms cooled to ‘absolute zero’ 

3. At this temperature, atoms don’t have any energy 
for relative movement 


Codes: 
(a) 1&2 (b)2 & 3 
(c) 1 & 3 (d)1,2&3 


Which of the following statements is/are correct about 
Gallium? 


l. Itis a metal which is primarily used in electronic 
circuits, LEDs & semiconductors 

2. It is never found as a free element, but found in 
trace amounts in various compounds 

Codes: 


(a) 1 only 


(b) 2 only 
(c) Both 1 & 2 


(d) Neither 1 nor 2 


————————w  ————— — 


93. 


94. 


95. 


96. 


Eugenics is a science of 
(a) selective breeding (b) selective killing 
(c) gene editing (d) none of these 


What is true about NCS-TCP (National Certification 

System for Tissue Culture Raised Plants )? 

1. it was set up under the Seeds Act 1996 by 
department of biotechnology, India 

2. it ensures the production of disease free tissue 
culture plants 


Codes: 
(a) 1 only (b) 2only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statement/s is/are true about 
CRISPR-Cas9? 
1. Designer babies can be produced with the help of 
CRISPR-Cas9 
2. Benefits of CRISPR-Cas9 in agriculture are still 
doubtful 
3. Use of CRISPR-Cas9 technique is legally 
allowed throughout Europe 
4. Use of CRISPR-Cas9 could have off -target 
effects also 


Codes: 

(a) 1 only (b) 1,3 &4 
(c)1&4 (d)2 & 3 
Which of the following is protein-based gene editing 
technology ? 

1. CRISPR-Cas9 

2. TALENs 

3:0 ZENS 
Codes: 
(a) 1&2 (b) 2 & 3 
(c)1&3 (d) 1,2 &3 


9E 


98. 


99. 


100. 
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Consider the following Statements: 

l. Genetic surgery could become possible with gene 
cutting technology only 

2. In USA, genetic surgery has 
allowed to be operated on all patients 

3. CRISPR-Cas9 is the only technology today 
available for genetic surgery 

Which of the above statement/s is/are correct? 


been legally 


Codes: 

(a) 1,2 &3 (b) 2 & 3 
(c) 1&3 (d) 1 only 

In India, germline editing 

(a) is allowed (b) is banned 


(c) no law exists (d) is allowed for trials 


With CRISPR-Cas9 

1. Gene is permanently repaired 

2. Cas9 is a molecule scalpel used for gene cutting 

3. Molecular scalpel is guided by RNA to target 
specific gene that is to be edited 

4. Irreversible changes are made in the genes 


Codes: 

(a) 1 only (b) 1,2 &3 
(c)1,2,3&4 (d) 2 & 3 only 
Consider the following : 


1. T-cells are formed in bone-marrow 
2. T-cells are a type of white blood cells 
3. T-cells inhibit the growth of cancer cells 


Which of the statements given above is/are correct? 


Codes: 
(a) 1,2 & 3 
(c) 1&3 


(b) 2 & 3 
(d) 1 only 
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SET-IV 


Practice Questions for Exam 


| 1. What is true about SDAUJI? 7. What is true about thorium? 
1. It is a jatropha variety developed by ICAR 1. It is a naturally occurring radioactive element 
2. Its seed contains 49.2% oil 2. Itis classified as rare earth metal 
ud ; : 3. It is used as nuclear fuel, as an alloying elements 
a) l only 2 onl ; i 
(c) Both 1 & 2 3 Neither 1 nor 2 MIL ipu) 
Codes: 
2. What is true about hydrogen? (a) 1 only (1&2 
l; Hydrogen is 14 times lighter than air & so, mixes (c) 1 & 3 (d) 1,2 & 3 
in air easily 
2. Hydrogen flame is invisible during the daylight 8. India has world's largest reserve of Thorium. What 
| 3. Hydrogen produces no CO,, when burnt in air %age of world's Thorium reserves are in present India? 
| 4. But it produces NOx if burnt in air at high (a) 896 
| temperatures b) 50% 
| Codes: 2 1794 
| (a) 2 only (b) 2 &3 
| (c)2,3 &4 (d) 1,2,3 & 4 aa 
| 


3. Which of the following regions are known for 9. Which of the following statements is/are correct? 


| Geothermal Energy in India? 1. In Pressurized Heavy Water Reactor, water 
| 1. Puga valley reaches at a temperature of about 325°C 
| 2. Sohana 2. It is kept under heavy pressure to prevent it from 
| 3. Tuwa boiling 
| M Codes: 
| Codes: 
| (8) 2 only (b) 2 & 3 T any EA d 
i (c) 2,3 &4 (d) 1,2,3 &4 (c) Both 1 & 2 (d) Neither 1 nor 2 
| 4. Which country is the second largest wind energy 10. Which ofthe following statements is/are correct? 
| producer in terms of installed capacity? 1. Thorium is more abundant than uranium in Earth's 
(a) China crust 
| (b) India 2. India & Australia have about half of world’s 
| (c) USA thorium reserves 

UM od Codes: 
| 5. Which of the following statements is/are correct? (a) 1 only (b) 2 only 
| 1. Tamil Nadu produces about 29% of wind power in (c) Both 1 & 2 (d) Neither 1 nor 2 

India 

| 2. As of 30 June 2018, the total installed wind power 11. Which of the following statements is/are correct? 
| capacity, in India, was 34293 GW making India 1. There are 22 nuclear plants working in India 
| world's 4% largest country in this respect 2. By 2031-32, India will be having installed nuclear 
| 3. Power sector is a concurrent subject in India capacity of 22480MWe 
| Codes: Codes: 

(a) 1 only (b) 1&2 (a) 1 only (b) 2 only 

(c) 1 & 3 (d)1,2&3 (c) Both 1 & 2 (d) Neither 1 nor 2 

6. Which ofthe following Statements is/are correct? 12. Which of the following statements is/are correct? 

l. Heavy water contains heavy hydrogen l. India adopted PHWR design in the year 1964 

2; > has more neutrons than ordinary water 2. PHWR requires less natural urani h 

3. It is used as moderator in nuclear reactors DE anium than BWR 

Codes: (dont 

(a) 1 only (b) 1 & 2 y (b) 2 only 

(01&3 (d) 1,2&3 (c) Both 1 & 2 (d) Neither 1 nor 2 


488 


13. Which of the following statements is/are correct? 


I5. 


17. 


18. 


¥ Beach sands of Kerala, Andhra , & Odisha are rich 
in monazite 

2. Monazite contains about 8-10% of Thorium 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


. Which of the following statements is/are correct? 


b Thorium fuel cycle transforms thorium into 
uranium fuel ready for fission 
2. Thorium as such can not be used to produce 


energy 
Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


World's only operating Thorium reactor is present in 
which country? 

(a) India 

(b USA 

(c) China 

(d) Russia 


. Which of the following statements is/are correct? 


l. Nangal- the 1* heavy water plant set up in India in 


1962 

2. Other heavy water plants are at Vadodara, 
Tuticorin, Kota, Thal, Hazira, Thalcher & 
Manuguru 

Codes: 

(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements is/are correct? 
l. FBRs use plutonium-239 and natural uranium as 


fuel 

2. Fast breeder reactor does not require any 
moderator 

Codes: 

(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements is/are correct? 

l. Monazite is a phosphate mineral in igneous & 
metamorphic rocks 

2. It contains about 2.5% thorium 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


. What is true about FUE? 


l. It is a joint undertaking of European Union for 
ITER & development of fusion energy 

2. It was created under the Euratom Treaty 

3. It was established in 2007 for 35 years & is 


located at Bercelona in Spain 


Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 & 3 


20. 


2L 


D 


23. 


24. 


25. 


Esencia : Science & Technology 


Which of the following statements is/are correct? 

1. ITER tokamak is a magnetic fusion experimental 
device 

2. Its working is based on the principal that power 
the stars it will have 10 times plasma volume of 
the largest machine today 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


Which of the following statements is/are correct? 

1. Project loon is an internet delivery project by 
Google-an American company 

2. It provides internet access 


underserved area 
3. The project was started in 2015 with first balloon 


flight over California 


(b) 2 only 
(d) Neither 1 nor 2 


to rural and 


Codes: 

(a) 1 only (b) 1&2 

(c) 1 & 3 (d)1;2&3 

Which of the following Statements is/are correct about 
LTE? 


1. LTE stands for Long Term Evolution 

2. ]tisa standard for 4G wireless technology 

3. It has been developed by 3 Generation 
Partnership Project 

4. It provides up to 10x the speed of 3G networks for 
mobile devices 


Codes: 
(a) 2 only (b) 2&3 
(c)2,3&4 (d)1,2,3 &4 


What is true about polaritons? 

l]. Polaritons are lighter than electrons 

2. They may form Bose-Einstein Condensate 

3. They are hybrid particles made of light and matter 
Codes: 
(a) 1 only 
(c) 1&3 


Which of the following is a storage device of 
computer? 

1. Registers 

2. Braille reader 
3. Magnetic strip 
4. Cloud storage 
Codes: 

(a) 2 only 

(c)2,3 &4 


(b) 1&2 
(d) 1,2 & 3 


(b) 2&3 
(d)1,3&4 


What is true about ALU? 

1. It is fundamental building block in the CPU of 
computer 

2. Itis mainly a digital circuit 

3. It performs various arithmetic & logic operations 

Codes: 

(a) 1 only 

(c) 1&3 


(b 1&2 
(d) 1,2 &3 


21. 


28. 


29. 


30. 


31. 


Which of the following statements is/are true? 


l. RAM & ROM are primary memory units of a 
computer 


RAM & ROM Stores various instructions 


3. RAM is an input device whereas ROM is an 
output device 


Codes: 
(a) 1 only (b)1 &2 
(c)] &3 (d) 1,2 &3 


SRAM, DRAM, PROM, MROM are types of 
(a) Computer memory 

(b) Computer viruses 

(c) New space mission of NASA 

(d) None ofthe above 


What is cache memory? 
1. It is called CPU memory 
2. Can be accessed quickly by a microprocessor 


3. Itis to store programme instructions & data that 
are used repeatedly 


Codes: 
(a) 1 only (b) 1&2 
(c)1 & 3 (d) 1,2 &3 


What is true about cerebral palsy? 
‘1. It is a motor disability in childhood 
2. It affects one's ability to move & control balance 


& posture 

3. n this, the muscle become stiff & the movement 
is affected 

Codes: 

(a) 1 only (b) 1&2 

(c) 1&3 (d) 1,2 &3 


What is true about magnetic ink? ; 

1. It is an ink which contains particles of magnetic 
material like iron oxide 

2. It is used to make characters readily read into a 
system even when they are overprinted or 


overwritten 

3. Bank cheques bear number & bank code in 
magnetic ink 

Codes: 

(a) 1 only (b)1&2 

(c) 1 & 3 (d) 1,2 &3 

Which of the following statements is/are correct about 

dead pixel? 

l. It Is a phenomenon related with Liquid Crystal 
Display (LCD) 


2. It is a picture element in which all three RGB 
(Red, Green & Blue) sub-pixels are turned off 
permanently 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


32. 


33! 


34. 


35. 


36. 


37. 
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Esencia : 


Which of the following statements is/are correct? 
1. Dot matrix printer is an example of impact printer 


2. Inject printers & laser printers are non-impact 
printer 

Codes: 

(a)l only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following state of matter has lowest 
density? 

(a) Plasma 

(b) Liquid 

(c) Solid 

(d) BEC 


Which of the following statements is/are correct about 

BEC (Bose-Einstein Condensate)? 

1. In2018, NASA produced it in space 

2. BECisthe coldest known object in space 

3. Light appears to slow down when it passes though 
BEC 


Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 &3 


What is true about Absolute Zero? 

1. Is the lowest possible temperature where no heat 
energy remains in a substance 

2. Absolute zero temperature corresponds to minus 
273.15°C 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. Positrons are positive counterparts of electrons 

2. Positrons combine with electrons to produce 
gamma rays 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
Isotones differs in 


Number of protons 
Number of electrons 


1 
2 
3. Number of neutrons 
4. Mass Number 

5 


. Atomic Number 
Codes: 


(a) 1,2 &4 (b)3&4 
(01,2 &3 (d)1,2,4& 5 


c EUN xc ee Pe 


39. 


41. 


. Which of the following statements is/are correct? 


1. Sodium benzoate, sorbic acid, sodium 


metabisulphate, epoxide and ethyl formate are 
used as food preservatives 

2. Epoxides are used for preservation. of high 
moisture foods 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is true about Aspartame? 

1. Aspartame is a low calories artificial sweetener 

2. People suffering from phenylketonuria cannot use 
it 

3. Itis unstable at cooking temperature, so used in 


cold foods only 
Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 &3 


. When the alarm of your smart phone rings in the 


morning, you wake up and tap it to stop the alarm 
which causes your geyser to be switched on 
automatically. The smart mirror in your bath room 
shows the day’s weather and also indicates the level of 
water in your over head tank. After you take some 
groceries from your refrigerator for making breakfast, it 
recognizes the shortage of stock in it and places an 
order for the supply of fresh grocery items. When you 
Step out of your house and lock the door, all lights, fan, 
geysers and AC machines get switched of 
automatically. On your way to office, your car warns 
you about the traffic congestion ahead and suggests an 
alternative route, and if you are late for a meeting, it 
sends a message to your office accordingly. 

In the context of emerging communication 
technologies, which one of the following terms best 
applies to the above scenario? 

(a) Border Gateway Protocol 

(b) Internet of Things 

(c) Internet Protocol 

(d) Virtual Private Network 


With reference to ‘Astrosat’, the astronomical 
observatory launched by India, which one of the 
following statements is/are correct? 

l. Other then USA and Russia, India is the only 
country to have launched a similar observatory 
into space. 

2. Astrosat is a 200kg satellite placed in an orbit at 
1650 km above the surface of the Earth. 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
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42. What is the application of Somatic Cell Nuclear 


43. 


44. 


45. 


46. 


47. 


Transfer Technology? 

(a) Production of biolarvicides 

(b) Manufacture of biodegradable plastics 
(c) Productive cloning of animals 

(d) Production of animals free of disease 


With reference to agriculture in India, how can the 
technique of ‘genome sequencing’, often seen in the 
news, be used in the immediate future? 

l. Genome sequencing can be used to identify 
genetic markers for disease resistance and drought 
tolerance in various crop plants. 

2. This technique helps in reducing the time required 
to develop new varieties of crop plants. 

3. It can be used to decipher the host-pathogen 
relationships in crops 


Codes: 
(a) 1 only (1&2 
(c) 1 & 3 (d) 1,2 & 3 


In the context of developments in Bioinformatics, the 

term ‘transcriptome’, sometimes seen in the news, 

refers to 

(a) A range of enzymes used in genome editing 

(b) The full range of mRNA molecules expressed by 
an organism 

(c) The description of the mechanism of gene 
expression 

(d) A mechanism of genetic mutations taking place in 
cells 


HINI virus is sometimes mentioned in the news with 
reference to which one of the following disease? 

(a) AIDS 

(b) Bird flu 

(c) Dengue 

(d) Swine flu 


Recombinant DNA Technology (Genetic Engeineering) 
allows genes to be transferred- 

1. Across different species of plants 

2. From animals to plants 

3. From micro organisms to higher organisms 

Codes: 
(a) 1 only 
(c) 1 & 3 


(b) 1&2 
(d) 1, 2 & 3 
Which of the following Statements is/are correct? 


1. In tropical regions, Zika virus disease is 
transmitted by the same mosquito that transmits 


dengue. 

2. Sexual transmission of  Zika virus disease is 
possible 

Codes: 

(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 


Esencia : Science & Technology 


48. 


49. 


50. 


3l: 


52. 


Which of the following diseases can be transmitted 
from one person to another through tattooing? 

l. Chikunguniya 

2. Hepatitis B 


3. HIV-AIDS 

Codes: 

(a) 1 only (b)2&3 
(c) 1 & 3 (1,2&3 


Among the following organisms, which one does not 
belong to class of other three? 

(a) Crab 

(b) Mite 

(c) Scorpion 

(d) Spider 


India is an important member ofthe ‘International 

Thermonuclear Experimental Reactor’. If this 

experiment succeeds, what is the immediate advantages 

for India? 

(a) It can use thorium in place of uranium for power 
generation 

(b) Itcan attain a global role in satellite navigation 

(c) It can drastically improve the efficiency of its 
fission reactors in power generation 

(d) It can build fusion reactor for power generation 


Which of the following statements is/are correct with 

reference to technologies for solar power production? 

1. Photovoltaic is 
electricity by direct conversion of light into 
electricity, while Solar Thermal is a technology 
that utilizes the Sun’s rays to generate heat which 
is further used in electricity generation process. 

2. Photovoltaic generates Alternating Current (AC), 
while Solar Thermal generates Direct Current 
(DC). 

3. India has been the manufacturing base for Solar 
Thermal Technology, but not for Photovoltaic. 

Codes: 

(a) 1 only 

(c) 1 & 3 


a technology that generates 


(b)1&2 
(d) 1,2 & 3 


In which of the following activities are Indian Remote 
Sensing (IRS) satellites used? 
Choose the correct option : 


l. Assessment of crop productivity 
2. Locating groundwater resources 
3. Mineral exploration 

4. Telecommunications 

5. Traffic studies 

Codes: 

(a) 1&2 only (b)1,2,3&5 
(0)T3&5 (d) 1,2 & 3 


33. 


54. 


55: 


56. 


S7. 


58. 


Fruits stored in a cold chamber exhibit longer Storage 

life because: 

(a) Exposure to sunlight to be prevented 

(b) Concentration of carbon dioxide in the 
environment is increased 

(c) Rate of respiration is decreased 

(d) There is an increase in humidity 


Study the following statements regarding organic 

farming and select the incorrect ones: 

1. It utilizes genetically modified crops like Bt cotton 

2. It uses only naturally produced inputs like 
compost and biofertilisers 

3. It does not use pesticides and urea 

4. It produces vegetables rich in vitamins and 


minerals 
Codes: 
(a) 1&2 (b) 1&4 
(c) 2 & 3 (4)2,3 & 4 


Select the correct statement regarding golden rice 

1. It does not require the use of chemical fertilizers 

2. It is completely resistant to all insects pests and 
diseases 

3. Itgives high yield but no characteristic aroma 

4. It gives high yield and rich in vitamin A 

Codes: 

(a) 1 &2 

(c) 2 only 


(b) 4 only 
(d)2,3 & 4 


Which of the following risks are associated with 

genetically modified foods? 

1. Toxicity in human beings 

2. Allergic reactions in human beings 

3. Antibiotic resistance in microorganisms present in 
alimentary canal 


Codes: 
(a) 1 only (b) 1&2 
(c) 1 & 3 (d) 1, 2 & 3 


Which of the following statements is/are correct with 

regard to the disadvantages of GM crops? 

l. GM crops can affect human health by causing 
allergies 

2. Tran genes in commercial crops can endanger 
native species e.g., the Bt toxin gene expressed in 
pollen might endanger pollinators like honeybees 

3. Production of GM crops causes damage to the 
natural environment and is always costly 

Codes: 

(a) 1 only 

(c) 1 & 3 


(b) 1&2 
(d) 1,2 & 3 


Which of the following is not used as biofertiliser? 
l. Bacillus thuringiensis 

2.  Anabaena 
3. Nostoc 

4. Rhizobium 
Codes: 

(a) 1,2 &3 

(c) 3 only 


(b) 2,3 &4 
(d) 1 only 


eS i ear ne UGUALE C EE RACE 


59. 


60. 


61. 


62. 


63. 


Which of the following statements is/are correct? 

l. Pneumonia can be transmitted to a healthy person 
by inhaling the droplets released by an infected 
person and also by sharing utensils 

2. Pathogens causing pneumonia are Streptococcus 
pneumoniae and haemophilus influenzae 

3. There is no vaccine yet available to prevent 


pneumonia 
Codes: 
(a) 1 only (b) 1&2 
()1&3 (d)1,2&3 


The main reason/s why antibiotics could not always 

treat the bacteria-mediated disease is 

l. Insensitivity of the individual following prolonged 
exposure to antibiotics 

2. Inactivation of antibiotics by bacterial enzymes 

3. Decreased efficiency of immune system 

4. The development of mutant bacterial strains 
resistant to antibiotics 


Codes: 
(1&2 (b) 3 & 4 
(c) 2 only (d) 4 only 


Read the following statements and select the correct 

option. 

l. Malarial parasite requires two hosts humans and 
mosquitoes to complete its life cycle 

2. Haemozoin is a toxic substance produced by the 
rupturing of liver cells during malarial infection 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following day is celebrated as *World 
AIDS Day’? 
(a) 31* March (b) 1* March 


(c) 1* December (d) 31* December 


Which of the following statements is/are correct 

regarding the various techniques used in cancer 

detection 

1. Cancer detection is based on biopsy and 
histopathological studies of the tissue, and blood 
and bone marrow tests for increased cell counts in 
case of leukemia 

2. In biopsy, a piece of the suspected tissue cut into 
thin sections is stained and examined under 
microscope by a pathologist 

3. Techniques like radiography (use of X-rays), CT 
(computed tomography) and MRI (magnetic 
resonance imaging) are very useful to detect 
cancers of the internal organs 

4. Computed tomography uses strong magnetic fields 
and non-ionizing radiations to detect physiological 
changes in living tissues T 

5. MRI uses X-rays and ionizing radiation to 
generate a 3-D image of the internal structure of 


an object 
Codes: 
(a)1,2&3 (b) 2,3 & 4 
(c)3&4 (d) All the above 


65. 


66. 


67. 


68. 


69. 
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Which of the following statements is/are correct 


regarding cancer? 


1. Cancer causing viruses have genes called viral 


oncogenes 


2. Malignant tumors remain confined to their original 


location ^ 
3. Cancer cells do not exhibit contact inhibition 
4. X-rays and UV rays are not potent carcinogens 
5. Cancer detection is based on biopsy 
(3&5 (b) 2&4 
(c) 1,3 &5 (d) 2,4 & 5 


Which of the following statements is/are correct? 

1. Antiretroviral drugs are very effective in treatment 
against AIDS 

2. AIDS virus is a retrovirus with ssDNA as genetic 
material 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


What is true about plantix? 

l. It is a deep learning application developed by a 
Berlin-based agricultural tech startup 

2. It identifies nutrient deficiencies in the soil 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


‘Project Maven’ is an US Defense Project undertaken 
by Google, is related to: 

(a) Artificial intelligence 

(b) Robotics 

(c) Nanotechnology 

(d) IoT 


Which of the following countries has released AI 
policy? 

L US 

2. Japan 
3. France 
4. China 
Codes: 
(a)1&2 
(c) 1&3 


(b) 2 & 3 
(d)1,2,3&4 


Which of the following technologies are not included in 
5" generation 


l. AI 

2. Machine learning 

3. “lof 

4. Block chain 

5. 3-D Printing 

Codes: 

(a) 2 only (b) 3 only 

(c) 4 only (d) All the above are included 
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Consider the following phenomena, which of the 
following are optical illusions? 

1. Size of the sun at dusk 

2. Colour of the sun at dawn 

3. Moon being visible at dawn 

4. Twinkling of stars in the sky 

5.  Polestar being visible in the sky 


Codes: 
(a) 1,2 &3 (b) 3,4.&5 
(c)1,2&4 (d)2,3&5 


Improper handling and storage of cereal grains and 
oilseeds result in the production of toxins known as 
aflatonis which are not generally destroyed by normal 
cooking process. Aflatoxins are produced by: 

(a) Bacteria 

(b) Protozoa 

(c) Moulds 

(d) Viruses 


Which of the following disease can be transmitted from 
one person to another through tattooing? 

1. Chikungunya 

2. Hepatitis B 


3. HIV-AIDS 

Codes: 

(a) 1 only b)2&3 
()1&3 (d1,2&3 


Which of the following options is/are correct? 
Recombinant DNA technology (Genetic Engineering) 
allows genes to be transferred 

1. Across different species of plants 

2. Fromanimals to plants 

3. From microorganisms to higher organisms 

Codes: 
(a) 1 only 
(c) 1 & 3 


(b)2 & 3 
(d)1,2&3 


Which of the following options is/are correct? 

]. Viruses lack necessary enzymes 

2. Viruses can be cultured in any synthetic medium 

3. Viruses are transmitted from one organism to 
another by biological vectors only 


Codes: 
(a) 1 only (b) 2 & 3 
(c) 1&3 (d) 1,2 &3 


Which of the following options is/are correct? 

If there were no phenomenon of capillarity 

1. It would be difficult to use a kerosene lamp 

2. One would not be able to use a straw to consume a 
soft drink 

3. The blotting paper would fail to function 

4. The big trees that we see around would not have 
grown on the earth 


Codes: 
(a) 1,2 & 3 (b) 1, 3 & 4 
(c)2&4 (d) 1,2, 3 & 4 


76. 
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78. 
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80. 
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Which of the following statements is/are correct? 
What is the role of ultraviolet (UV) radiation in the 


water purification systems? i i l 
1. It inactivates/kills the harmful microorganisms in 


water 
2. It removes all the undesirable odors from the 


water l , 
3. It quickens the sedimentation of solid particles, 


removes turbidity 


Codes: 
(a) 1 only (b) 2 & 3 
(c) 1 & 3 (d) 1,2 & 3 


Some species of which of the following kinds of 
organisms are employed as biopesticides? 
1. Bacteria 


2. Fungi 

3. Flowering plant 

Codes: 

(a) 1 only (b) 2 & 3 
(c) 1&3 (d) 1,2 &3 


With reference to ‘stem cells’, frequently in the news, 
which of the following statements is/are correct? 

1. Stem cells can be derived from mammals only 
2. Stem cells can be used for screening new drugs 
3. Stem cells can be used for medical therapies 
Codes: 
(a) 1 only 
(c) 1 & 3 


(b) 2&3 
(d) 1,2 &3 


Biomass gasification is considered to be one of the 

sustainable solutions to the power crisis in India. In this 

context, which of the following statements is/are 

correct? 

1. Coconut shells, groundnut shells and rice husk can 
be used in biomass, gasification 

2. The combustible gases generated from biomass 
gasification consists of hydrogen and carbon 
dioxide only 

3. The combustible gases generated from biomass 
gasification can be used for direct heat generation 
but not in internal combustion engines 


Codes: 
(a) 1 only (b) 2 & 3 
(c) 1 & 3 (d) 1,2 & 3 


A team of scientists at Brookhaven National 

Laboratory including those from India created from 

heaviest anti-matter (anti-helium nucleus). What is/are 

the implication/s of the creation of antimatters? 

l. It will make mineral prospecting and oil 
exploration easier and cheaper 

2. It will help probe the possibility of the existence 
of stars and galaxies made of anti-matter 

3. It will help understand the evolution of the 


universe 
Codes: 
(a) 1 only (b) 2 & 3 
()1&3 (d) 1, 2 & 3 
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To meet its rapidly increasing energy demand, some 

opine that India should pursue research and 

development on thorium as the future fuel of nuclear 

energy. In this context, what advantage does thorium 

hold over uranium? 

l. Thorium is far more abundant in nature than 
uranium 

2. On the basis of per unit mass, of mined mineral, 
thorium can generate more energy compared to 
natural uranium 


3. Thorium produce less harmful waste compared to 


uranium 
Codes: 
(a) 1 only (b) 1&2 
OES. (d) 1,2 &3 


Other then resistance to pests, what are the prospects 

for which genetically engineered plants have been 

created? 

l. To enable them to withstand drought 

2. To increase the nutritive value of the produce 

3. To enable them to grow and do photosynthesis in 
spaceships and space stations 

4. To increase their shelf life 

Codes: 


(3) 1 &2 (b) 2 & 3 
(01,2 &4 (d)1,2,3 & 4 


A layer in the Earth’s atmosphere called Ionosphere 

facilitates radio communication. Why? 

l. The presence of ozone causes the reflection of 
radio waves to Earth 

2. Radio waves have a very long wavelength 

Codes: 

(a) lonly 

(c) Both 1 & 2 


(b) 2 only 

(d) Neither 1 nor 2 

The surface of a lake is frozen in severe winter, but the 

water at its bottom is still liquid. What is the reason? 

(a) Ice is a bad conductor of heat 

(b) Since the surface of lake 
temperature as the air, no heat is lost 

(c) The density of water is maximum at 4°C 

(d) None of the above 


is at the same 


An artificial satellite orbiting around the Earth does not 
fall down. This is so because the attraction of Earth 

(a) Does not exist as such distance 

(b) Is neutralized y the action of the Moon 

(c) Provides the necessary speed for its steady motion 


(d) Provides the necessary acceleration for its motion 


Esencia : Science & l'echnology 


86. Inthe context of global oil prices, “Brent Crude Oil" is 


87. 


88. 


89. 


frequently referred to in the news. What does this term 
implies? 

1. It is a major classification of crude oil 

2. It is sourced from north sea 


3. It does not contain sulphur 


Codes: 
(a) 1 only (b) 2 & 3 
(c) 1 & 3 (d) 1,2 & 3 


The function of heavy water in a nuclear reactor is to 
(a) Slow down the speed of neutron 

(b) Increase the speed of neutron 

(c) Cool down the reactor 


(d) Stop the nuclear reaction 


At present, scientists can determine the arrangement or 

relative positions of genes or DNA sequences on 

chromosomes. How does this knowledge benefits us? 

1. It is possible to know the pedigree of livestock 

2. It is possible to understand the cause of all human 
disease 

3. It is possible to develop disease resistant animal 


breeds 
Codes: 
(a) 1 only (1&2 
(c) 1 & 3 (d) 1,2 & 3 


Aspartame is an artificial sweetener sold in the market. 
It consists of amino acids and provides calories like 
other amino acids. Yet, it is used as a low-calorie 
sweetening agent in food items. What is the basis of 
this use? 

(a) Aspartame is as sweet as table sugar, but unlike 
table sugar, it is not readily oxidized in human 
body due to lack of requisite enzymes 

(b) When aspartame is used in food processing, the 
sweet taste remains, but it becomes resistant to 
oxidation 

(c) Aspartame is as sweet as sugar, but after ingestion 
in to the body, it is converted into metabolites that 
yield no calories 

(d) Aspartame is several times sweeter than table 

hence food 


sugar, items made with small 


quantities of aspartame yield fewer calories on 


oxidation 
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Regular intake of fresh fruits and vegetables is 
recommended in the diet since they are good source of 
antioxidants. How do antioxidants help a person 
maintain health and promote longevity? 

(a) They activate the enzymes necessary for vitamin 
synthesis in the body and help prevent vitamin 
deficiency 

(b) They prevent excessive oxidation of 
carbohydrates, fats and proteins in the body and 
help avoid unnecessary wastage of energy 

(c) They neutralize the free radicals produced in the 
body 

(d) They activate certain genes in the cells of the body 
and help delay the ageing process 


What is leghaemoglobin ? 

(a) Itis an oxygen carrier protein. 

(b) It is produced as a result of symbiotic association 
between bacteria & plant 


(c) Its protects nitrogenase enzyme from denaturation 
(d) Alla, b & c statements are correct 


A new optical disc format known as the Blu-ray Disc 

(BD) is becoming popular. In what ways it is different 

from the traditional DVD? 

l. DVD supports Standard Definition video while 
BD supports High Definition video 

2. Compared to DVD, the BD format has several 
times more Storage capacity 

3. Thickness of BD is 2-4 mm while that of DVD is 


1-2 mm 
Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 &3 


What is Virtual Private Network? 

(a) It is a private computer network of an organization 
where the remote users can transmit encrypted 
information through the severe of the organization 

(b) It is a computer network across a public internet 
that provides users access to their organization’s 
network while maintaining the security of the 
information transmitted 

(c) It is a computer network in which users can 
access a shared pool of computing resources 
through a service provider 

(d) None of the above 


Water disinfecting action of chlorine is mainly due to 
(a) formation of HCL when chlorine is added to water 
(b) formation of HCL when hypochlorous is added to 


water 

(c) formation of HCL when nascent oxygen is added 
to water 

(d) formation of HCL when hydrogen is added to 
water 


95: 


96. 


97. 


98. 


99. 


100. 


nce of malarial parasite to drugs like 
mpts to develop a 
a. Why is it difficult 


Widespread resista 
chloroquine has prompted atte! 
malarial vaccine to combat malari 
to develop an effective malaria vaccine? 
(a) Malaria is caused by several 
Plasmodium 
(b) Man does not develop immunity to malaria during 
natural infection ; 
(c) Vaccines can be developed only against bacteria 
(d) Man is only intermediate host and not the 


definitive host 


species of 


Which of the following cause acid rain? 
1. Oxides of hydrogen 

2. Oxides of nitrogen 

3. Oxides of sulphur 

4. Oxides of phosphorous 


Codes: 
(a) 1& 4 only (b) 1&2 
(c)2&3 (d) 2,3 & 4 


Indiscriminate disposal of used florescent electric 

lamps causes mercury pollution in the environment. 

Why is mercury used in the manufacture of these 

lamps? 

(a) A mercury coating on the inside of the lamp 
makes the light bright white 

(b) When the lamp is switched on, the mercury in the 
lamp causes the emission of ultra-violet radiations 

(c) When lamp is switched on, it is the mercury which 
converts the ultra-violet energy into visible light 

(d) None ofthe above 


Hydrogen fuel cell vehicles produce one of the 
following as exhaust"? 

(a) NH; 

(b) CH, 

(c) H;O 

(d) H20, 


Recently, LASIK (Laser Assisted In Situ 
Keratomileusis) procedure is being made popular for 
vision correction. 


Which of the following statement is incorrect? 


(a) LASIK procedure is used to correct refractive 
errors of the eye 


(b) It is a procedure that permanently changes the 
shapes of the cornea 


(c) Itreduces a person’s dependence on glasses or 
contact lenses 


(d) It is a procedure that can be done on the person of 
any age 

What is the principal by which cooling system 

(Radiator) in a motor car works? 

(a) Conduction only 

(b) Convection 

(c) Radiation only 

(d) Both conduction and radiation 
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SET-V 
Practice Questions for Exam 


Which of the following statements is/are correct? 


l. India is producing 0.5 billion tone of biomass 
annually 


2. Biomass provides 32% of all primary energy used 
in India at present 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements is/are incorrect? 

l. LNG is natural gas liquefied by lowering 
temperature to -160°C 

2. CNG is compressed methane gas at high pressure 

Codes: 

(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 

Syngas is mainly composed of 

(a) Hydrogen & carbon monoxide 

(b) Methane & carbon monoxide 

(c) Ethane and carbon dioxide 

(d) Propane and butane 


TAPI pipeline & IPI pipeline join at 


(a) Multan 

(b) Fazilka 

(c) Galkynsh 

(d) Karachi 

What is true about HELP? 

1. It is India's hydrocarbon exploration and licensing 
policy approved in 2017 

2. HELP covers all hydrocarbons-oil, gas, coal bed 
methane etc. 

Codes: 

(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 

Which of the following statements is/are correct? 

1. Fred Ramirez is the person who contributed to 
cyber security 

2. In India, Information Technology Act 2000 & 
India Penal Code 1860 declare child pornography 
is an illegal act 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Js 


Esencia : Science & Technology 


Which of the following Statements is/are correct about 

spyware? 

o la is a programme that invade a computer & 
steals information about user's activities on the 
computer 

2. Spyware is a type of malware 

3. It cannot be spread through e-mails 

Codes: 


(a) 1 only (b) 1 & 2 
(c) 1&3 (d) 1,2 &3 


What is lanolin? 
1. Itisa soft, yellow and waxy substance | 


2. Itis secreted from the glands of sheep 
3. It is used in cosmetics 


Codes: 

(a) 1 only (b) 1 &2 
(c) 1 & 3 (d) 1,2 & 3 
What is true about UVC rays? 


1. The least harmful type of UV rays 

2. They do not reach earth's surface 

3. They are found in man made source of UV 
radiation like welding, mercury lamps etc. 

Codes: 

(a) 1 only 

(c)2 &3 


(b) 1&2 
(d) 1,2 & 3 


Sunscreen creams protect skin from: 
(a) UVA only 

(b) UVB only 

(c) UVA & UVB both 

(d) UVC only 


. Find the correct statement/s about the Lupus Vulgaris? 


1. Itisa common form of cutaneous tuberculosis 

2. It is common mycobacterium TB skin infection on 
face or around neck 

Codes: 


(a) 1 only (b) 2 only 

(c) Both 1 & 2 (d) Neither 1 nor 2 

Which of the following statements is/are correct about 

antiperspirants? 

1. An antiperspirant inhibits the production of 
apocrine sweat 

2. In antiperspirants, alluminium chlorohydrates are 
used 

3. Alluminium ions shrink the size of sweat glands to 

. reduce sweat 
Codes: 


(a) 1 only (b) 1&2 
(c) 2 & 3 (d) 1,2 & 3 
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15: 


17. 


18. 


. Which of the following substances are added in 


washing powder to keep them dry? 
1. Sodium sulphate 

2. Sodium silicate 

3. Sodium perborate 


Codes: 
(a) 1 only (1&2 
(c)2 &3 (d) 1,2 &3 


. Which of the following statements is/are correct? 


1. Vasodilators widen blood vessels, decrease blood 
pressure & increase blood flow 

2. Histamine & Aspirine are vasodilators 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. Histamine is a chemical released by mast cells 
during allergic reactions 

2. Mast cells are a kind of white blood cells 
produced by bone marrow 

3. Histamine inhibits the secretion of hydrochloric 
acid in stomach 


Codes: 
(a) 1 only (b) 1 &2 
(c) 2 & 3 (d) 1,2 & 3 


. Which of the following statements is/are correct? 


l. Penicillin was the first antibiotic discovered 

2. Flemming developed it from Penicillum notatum 

3. Ernst Chain, Howard Florey & Flemming got 
Nobel Prize for it in 1945 

4. Chain & Florey isolated its pure form 

Codes: 

(a) 2 only 

(c) 2, 3 &4 


(b) 2&3 
(d) 1,2,3 & 4 


Which of the following statements is/are correct? 

1. Antifungal are usedagainst fungal diseases like 
ringworms, athlete’s foot, meningitis 

2. In antifungal, possibility of side effects is higher 
than in anti-bacterial drugs 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct about 

anti-viral drugs? 

1. These do not destroy target microbes, but only 
inhibit their growth 

2. Viruses do not have their own machinery for 


replication, they use host's cells to replicate 
Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


19. 


20. 
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Which of the following statements is/are correct? 
|l. Thermosetting polymers can not be remolded or 


recycled 
2. Teflon is thermosetting polymer 
Codes: 
(a) 1 only (b) 2 only 


(c) Both 1 & 2 (d) Neither 1 nor 2 

Which of the following statements is/are correct? 

1. Biodegradable plastics can break upon exposure to 
sunlight, water, bacteria etc. 

2. Biopol is a biodegradable polymer synthesized by 
genetically engineered bacteria 


Codes: 
(a) 1 only (b) 2 only 
(c) Both 1 & 2 (d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. Oxo-biodegradable plastics are plastics with a 
small amount of metal salts in them 

2. Oxo plastics degrade abiotically in the presence of 
oxygen, much more quickly than ordinary plastic 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

1. Cetan is a colorless, liquid hydrocarbon 
Cetane ignites easily under compression 

3. Cetane number is the rating assigned to diesel fuel 
to rate its combustion quality 

4. Bharat Stage VI requires cetane number 81 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Study the following statements regarding Bt toxins 

produced by bacterium Bacillus thuringiensis and 

select the correct one 

1. Most stains of Bacillus thuringiensis produce 
proteins that kill certain insects 
lepidopterans, coleopterans and dipterans 

2. Bt toxin proteins do not kill the bacteria 
themselves because the toxin proteins occur in an 
inactive form called protoxins 

3. When an insect ingests the inactive Bt toxin, it is 
converted to an active form of toxin due to 
alkaline pH of the gut which solubilises the 
protein toxin crystals 


such as 


Codes: 
(2) 1 only (1&2 
()02&3 (d) 1,2 &3 


— (yr EE 


" Ta : 
24. The Bt toxin is not toxic to human beings because 


25. 


26. 


27. 


l. The pro Bt toxin activation requires temperature 


above human body temperature 


N 


The Bt toxin recognizes only insect-specific 
targets 

3. Conversion of pro Bt toxin to Bt toxin takes place 
in highly alkaline conditions 


Codes: 
(a) ] & 2 (b) 2 & 3 
(c) 3 only (d) 2 only 


Study the following statements and select the correct 
ones 
l. 'Bt in ‘Bt cotton’ indicates that it is a genetically 
modified crop produced through biotechnology 
2. The anticoagulants ‘hirudin’ is being produced 
from transgenic Brasica napus seeds 
3. ‘Flavr Savr’ transgenic tomatoes remain fresh for 
a longer period than the normal tomato variety 
4. Golden rice is a transgenic variety of Oryza 


sativa,which is richinf -carotene and helps to 


prevent night blindness 
Codes: 
(a) 1 only (b) 1&4 
(c)2 &3 (d) 2,3 & 4 


Which of the following statements regarding gene 

therapy is/are correct? 

l. It is an application of biotechnology, in which a 
defective gene is manipulated by introduction of 
healthy and functional gene 

2. The genetic disorders that are being investigated 
for gene therapy, range from sickle cell anaemia to 
severe combined immune-deficiency (SCID) 

3. The first clinical gene therapy was given in 1990 
to a 4-years old girl with adenosine deaminase 


(ADA) deficiency 
Codes: 
(a) 1 only (b) 1&2 
(c) 1&3 (d) 1,2 & 3 


Read the following statements regarding ELISA and 

select the correct one 

1. Itis used for the early diagnosis of diseases 

2. It is based on the principle of antigen-antibody 
interaction 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


28. Which statement about geneti 


29. 


30. 


31. 


Science & Technology 


Esencia : 


cally modified (GM) food 

is false? 

(a) Scientists have used genetic modification, in 
various forms, as a mean of improving crop yields, 
crop quality, and pest resistance for many years 

(b) Genetic modification includes products made by 
artificial mutagenesis and by non-natural crosses 
between unrelated species 

(c) A major difficulty in labeling food as ‘GM -free" is 
that it is virtually 
genetically modified DNA or protein molecules in 
most food made from GM crops 

(d) The recent decision by McCain Foods for stop 
processing GM potatoes means that they will 


impossible to measure 


eventually use less pesticides to produce the 


potatoes that are required to make fries 


Which bacterial strain, developed from natural isolates 
by genetic manipulations, can be used for treating oil 


spills? 


(a) Agro bacterium 
(b) Clostridium 

(c) Nitrosomonas 
(d) Pseudomonas 


Which features of some species of blue green algae 

helps promote them as bio-fertilizers? 

(a) They convert atmospheric methane into ammonia 
which the crop plants can absorb readily 

(b) They induce the crop plants to produce the 
enzymes which help convert atmospheric nitrogen 
to nitrates 

(c) They have the mechanism to convert atmospheric 
nitrogen into a form that the crop plants can 
absorb readily 

(d) They induce the roots of the crop plants to absorb 


the soil nitrates in larger quantities 


Other than Jatropha curcas, why is Pongamia pinnata 

also considered a good option for the production of bio- 

diesel in India? 

1. Pongamia pinnata grows naturally in most of the 
arid regions of India 

2. The seeds of Pongamia pinnata are rich in lipid 
content of which nearly half is oleic acid 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
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38. 


Due their extinctive rice cultivation, some regions may 

be contributing to global warming. To what possible 

reason/s is this attributable? 

l. The anaerobic conditions associated with rice 
cultivation cause the emission of methane 

2. When nitrogen based fertilizers are used, nitrous 
oxide is emitted from the cultivated soil 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Where is Central Sheep & Wool Research Institute 
lacated in India? 

(a) Kullu 

(b) Malpura 

(c) Hisar 

(d) Bikaner 


Which of the following do/does not belong/belongs to 
the GSM family of wireless technology? 

(a) EDGE 

(b LTE 

(c) DSL 

(d) Both EDGE & LTE 


Which one of the following polymers is widely used 
for making bullet proof material? 

(a) Polyvinyl chloride 

(b) Polyamides 

(c) Polyethylene 

(d) Polycarbonates 


The chemical used as ‘fixer’ in photography is 
(a) Sodium sulphate 

(b) Sodium thiosulphate 

(c) Ammonium persulphate 

(d) borax 


Which one of the following pairs of materials serves as 
electrodes in chargeable batteries commonly used in 
devices such as torch lights, electric shavers etc.? 

(a) Nickel and cadmium 

(b) Zinc and carbon 

(c) Lead peroxide and lead 

(d) Iron and cadmium 


Which one of the following fuels causes minimum 
environmental pollution? 

(a) Diesel 

(b) Coal 

(c) Hydrogen 

(d) Kerosene 


39. 
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Which one of the following elements is alloyed with 
iron to produce steel which can resist high temperatures 
and also have high hardness and abrasion resistance? 


(a) Aluminium 

(b) Chromium 

(c) Nickel 

(d) Tungsten 

Which one of the following has highest fuel value? 
(a) Hydrogen 

(b) Charcoal 

(c) Natural gas 

(d) Gasoline 


Which of the following is used as an antifreeze for 
automobile engines? 

(a) Propyl alchohol 

(b) Ethanol 

(c) Methanol 

(d) Ethylene glycol 


Which of the following statements is/are correct? 

Coke is one of the materials of the charge added to 
blast furnace for the production of steel/iron. Its 
function is to 

1. Actas reducing agent 

2. Remove silica associated with the iron ore 

3. Function as fuel, to supply heat 

4. Actas an oxidizing agent 


Codes: 
(a) lonly (b) 1&4 
(c) 1 &3 (d) 2, 3 & 4 


Which of the following statements is/are correct about 
acetylene? 

l. It is used in welding industry 

2. It is a raw material for preparing plastics 

3. Itis easily obtained by mixing silicon carbide and 


water 
Codes: 
' (a) lonly (b) 1&2 
(c)1&3 (d) 2, 3 & 4 
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Barium in a suitable form is administered to patients 

before an X-ray examination of the Stomach, because 

(a) Barium allows X-rays to pass through the stomach 
on account of its transparency to X-rays 

(b) Barium compound, like magnesium sulphate helps 
in cleaning the stomach before X-ray examination 

(c) Barium is a good absorber of X-rays and this helps 
the stomach to appear clearly in contrast with the 
other regions in the picture 

(d) Barium salts are white in colour and this helps the 
Stomach to appear clearly in contrast with other 
regions in the picture 


— ———— E 


45. Cobalt-60 is commonly used in radiation therapy 
because it emits 


(a) Alpha rays 
(b) Beta rays 
(c) Gamma rays 
(d) X-rays 


46. 


47. 


48. 


49. 


50. 


Sis 


Glass can be etched or scratched by 
1. Diamond 

2. Hydrofluoric acid 

3.  Aquiregia 

4. Conc. Sulphuric acid 


Codes: 

(a) 1 only (b) 1&2 
(c) 1&3 (d) 2,3 &4 
Hard water is not suitable for 

l. Drinking 

2. Washing clothes with soap 

3. Use in boilers 

4. Irmgating crops 

Codes: 

(a) lonly (b) 2 & 3 
(c) 1&3 (d) 2,3 &4 


A small pouch containing, silica gel is often found in 
bottles of medicine in tablet or powder form because 
silica gel 

(a) Kills bacteria 

(b) Kills germs and spores 

(c) Absorbs moisture 

(d) Absorbs all gases present inside the bottle 


Which one of the following materials is very hard and 
ductile? 

(a) Carborundum 

(b) Tungsten 

(c) Cast iron 

(d) Nichrome 


Most of the explosions in mines occur due to the 
mixing of 

(a) Hydrogen with oxygen 

(b) Oxygen with acetylene 

(c) Methane with air 

(d) Carbon dioxide with ethane 


Which of the following is not radioactive? 
(a) Astatine 

(b) Francium 

(c) Tritium 

(d) Zirconium 
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52. Which of the following is not correct? 


33; 


54. 


55: 


56. 


57. 


58. 


(a) The presence of NaCl increases the rate of setting 
of Plaster of Paris 

(b) Gypsum is added to the cement to slow down its 
rate of setting 

(c) Allalkaline earth metals form hydrated salts 

(d) Barium and Strontium are found free in nature 


Which of the following statements is correct? 

(a) Liquid sodium is employed as a coolant in nuclear 
reactors 

(b) Calcium carbonate is an ingredient of tooth paste 

(c) Bordeaux mixture consists of sodium sulphate and 
lime 

(d) Zinc amalgams are used as a dental filling 

The purpose of adding sodium sulphate and sodium 

silicate to the detergent in a washing powder is 


1. To keep the washing powder dry 
2. To maintain the alkalinity of powder 


Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following is/are correct? 

1. Baking soda is used in fire extinguishers 

2. Quicklime is used in the manufacture of glass 

3. Gypsum is used in the manufacture of Plaster of 


Paris 
Codes: 
(a) 1 only (b) 1&2 
(c) 1] & 3 (d) 1,2 &3 


Standard 18-carat gold sold in the market contains 
(a) 82 parts gold and 18 parts other metals 

(b) 18 parts gold and 82 parts other metals 

(c) 18 parts gold and 6 parts other metals 

(d) 9 parts gold and 15 parts other metals 


Which of the following statements is/are correct? 

1. Anhydrous sodium carbonate is commonly known 
as baking soda 

2. Baking soda is used in fire extinguishers 

3. Bleaching powder is manufactured in Hasenclever 


plant 
Codes: 
(a) 1 only (b) 2 & 3 
(c) 1 & 3 (d) 1 & 4 


Which are the materials generally employed as solder 
in soldering operation in electronics? 

(a) Iron and tin 

(b) Lead and tin 

(c) Aluminium and lead 

(d) Aluminium and iron 
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59. 


60. 


61. 


63. 


64. 


Which one of the following does not contain silver? 
(a) Horn silver 

(b) German silver 

(c) Ruby silver 

(d) Lunar caustic 


Which one of the following types of glass can cut off 
ultraviolet rays? 


(a) Soda glass 
(b) Pyrex glass 
(c) Jena glass 

(d) Crookes glass 


Which one of the following non-metals is not a poor 
conductor of electricity? 

(a) Sulphur 

(b) Selenium 

(c) Bromine 

(d) Phosphorus 


2. Gene splicing is 


1. Division of genes to multiply desired genes 

2. A process by which a portion of DNA is removed 
and inserted into another gene 

3. ZFNs is among the oldest technology used for 
gene-splicing 

4. The basis for genetic surgery 


Codes: 

(a) 1,2,3 &4 (b) 2,3 & 4 

(c) 1,3 &4 (d) None of these 
What is CRISPR? 


(a) A protein 

(b) Sequence of DNA 

(c) A gene editing technology 
(d) A bacteria 


Match the following: 
Column I (types of cancer) 
A. Myeloma 

B. Sarcoma 

C. Melanoma 


Column II (related with) 
1) Connective tissue 


2) Skin 
3) Blood 
Codes: 

A B C 
(a) 1 2 3 
(b) 3 2 I 
(c) 3 l 2 
(d) 2 l 3 


65. 


66. 


67. 


68. 


69. 


70. 
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International Solar Alliance (ISA) 


1. Has its headquarters in India ; 
2. Comprises an alliance of countries between tropics 


that receive 300 days of insulation during a year 
3. France is an active member of ISA 
4. All ASEAN nations are members of ISA 


Codes: 
(a) 1 only 
(01&3 


(b) 1,2 &3 
(d) 2,3 & 4 


What is biomining? . . 

(a) A process of refining minerals by biological 
process 

(b) A process, whereby, 
extract mineral from ore 

(c) Use of bacteria to ascertain the reserves of some 
metal in Earth’s crust 

(d) Use of bacterial strains to ascertain the density of 
a particular metal in sands 


bacterial strains are used to 


Which of the following is/are correct? 

1. Nobel prize cannot be awarded posthumously 

2. Nobel prize to individuals cannot be divided 
among more than three persons 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


India is a 

(a) Polio free country 
(b) Tetanus free country 
(c) Both (a) and (b) 

(d) Neither (a) and (b) 


What is the difference in Stage-II and Stage-III 

Nuclear Power Programme of India? 

1. In Stage-II reactors plutonium is used as fuel 
whereas in Stage-III reactors uranium is used as 
fuel 

2. Power reactors are used in Stage-III whereas 
Pressurized Heavy Water Reactors are used in 
Stage-II 

Codes: 

(a) 1 only 

(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 


Which of the following statements is/are correct? 

l. Autophagy deals with destruction of cells in 
human body 

2. Autophagy causes programmed cell death in body 


(a) 1 only 


b)l& 
(c) 1&3 6) E 


(d) 1,2,3 


71. What is true about Pellagra? 
1. Itis caused by niacin deficiency 

2. It is characterized by 4-Ds — dermatitis, diarrhea, 
dementia and death 

3. It is also known as Vitamin B, deficiency 

4. The disease is common in all parts of the world 


where people take a lot of corn in their diet 
Codes: 


(a) l only 
(c) 1&3 


(b) 1,2 &3 
(d) 1,2,3 & 4 


72. What is false about India’s first multi-orbital launch? 
(a) Launch vehicle used was PSLV-C35 
(b) It was the largest mission carried out by PSLV so 
far 
(c) It has meteorological utility also 
(d) This is the first mission of PSLV in which it 
launched its payloads into three orbits 


73. Kwashiorkor is the most common and widespread 
nutritional disorder in developing countries. Which 
Statements related with this are true? 

l. It is form of malnutrition caused by not getting 
enough protein in the diet 

2. It occurs in children between 6 months and three 
years of age 

3. In this disease ribs of child become very 


prominent 
4. Skin and hair change color 
Codes: 
(a) 1 only (b) 1,2 &3 
(c) 1 & 3 (d) 1,2 &4 


74. Find the correct option. 
(a) Piezoelectric property of a substance is the ability 
to generate electricity under mechanical stress 
(b) Raw fish scales contain collagen fibers that have 
piezoelectric property 
(c) Collagen is the most abundant protein in mammals 
(d) All of the above 


75. Which of the following is not true? 
(a) Boiling point of water is less than 100°C at high 
altitudes 
(b) Boiling point of sea water is higher than the 
boiling point of pure water 
(c) Melting point increases in the absence of 
impurities 
(d) Anthracene can sublime 
76. Age of old tree can be known by counting 
(a) Counting annual rings in a cut stem 
(b) By measuring diameter of the stem 
(c) By knowing the amount of starch in plants 
(d) By the type of stomata it posses 


77. 


78. 


19. 


80. 


81. 


82. 
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Why do some grains pop up while roasting? 

(a) Popping up grains have water inside that 
vaporized on heating . 

(b) Popping up grains are hollow inside 

(c) The grains that pop up have lenticels present in 
them 

(d) None of the above 


Which of the following is a fish? 
(a) Star fish 

(b) Silver fish 

(c) Jelly fish 

(d) Sea horse 


Which of the followings are pollution indicators? 
(a) Algae 

(b) Lichens 

(c) Fungi 

(d) Allofthe above 


Radio waves are reflected back to the Earth from 
(a) Troposphere 

(b) Exosphere 

(c) Stratosphere 

(d) Ionosphere 


Which among the following statements is/are true? 

1. Lithium Peroxide (Li;O;) is a solid material 

2. Lithium Peroxide is formed by reaction of lithium 
with oxygen 

3. Lithium air batteries are low weight batteries 

4. Lithium ion batteries are more energy efficient tha 
lithium air batteries 


Codes: 
(a) 1 only (b) 1,2 & 3 
(c) 1 & 3 (d) 1,2 &4 


Read the information below: 

Assertion (A): Silver Iodide is a popular cloud seeding 
agent 

Reason (R): Silver Iodide has molecular structure 
similar to that of ice 

Consider the above statements, select the correct 
answer from the choices given below 


Codes: 

(a) Both (A) and (R) are true and (R) is the correct 
explanation of (A) 

(b) Both (A) and (R) are true but (R) is not the correct 
explanation of (A) 

(c) (A)is true, (R) is false 

(d) (A)is false, (R) is true 
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83. 


84. 


85. 


86. 


87. 


88. 


CRISPR-Cas9 is 

(a) A short RNA molecule . 

(b) A Stretch of DNA 

(c) Gene editing tool 

(d) Artificially produced plasmid 


Technology used in contactless cards is 
(a) RIFD technology 

(b) EVM chip based technology 

(c) Magnetic strip technology 

(d) None ofthe above 


Algal blooms 

1. Create anoxic conditions in water bodies 
2. Increase turbidity of water 

3. Commonly found in aged water bodies 
4. Decreased dissolved O, 


Codes: 
(a) l only (D) 1,2 & 3 
(c) 1 & 3 (d)1,2,3 &4 


According to the provisions of the MTP Act 

(a) Termination of pregnancy is possible only on 
medical ground or with the permission of the court 

(b) Termination of pregnancy after 20 weeks of 
pregnancy could be held only on medical advice 

(c) The court grants permission to terminate a 
pregnancy only in case the pregnant female is 
minor 

(d) None of the above 


The method commonly used for gene modification in 
plants is 

(a) Bacterium method 

(b) Gene gun method 

(c) Pollination method 

(d) Both (a) and (b) 


DDT 

1. istotally banned in India 

2. was first of the modern synthetic insecticides in 
the world 
is known to be very persistent in environment 

4. Stockholm Convention on Persistent Organic 
Pollutants (PoPs) has imposed a total ban on the 
use of DDT 


Codes: 
(a) 1 only (b) 1,2 &3 
(c) 1&3 (d)2,3 &4 


89. 


90. 


91. 


92. 


933 


94. 
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atements is/are correct? 


: ing st 
Which of the following rmission 


1. For field trials of a GM crop, in India, pe sio 

from Genetic Engineering Approval Committee 1s 
to 

2 ear GEAC regarding the [o 
cultivation of a GM crop in India i final and 
absolute, but subject to court's jurisdiction 

3. After Bt Cotton, Bt Brinjal is another GM crops 
that is commercially cultivated in India 

4. GM variety of mustard has successfully passed the 


safety trials in India 


Codes: 
(a) 1 only (b) 1,2 & 3 
(c) 1 &3 (2,3 &4 


Which statement is/are correct about Algae ? 

1. It is a photosynthetic aquatic organism 

2. Produces oxygen through photosynthesis 

3. Algae does not survive in fresh water aquatic 
systems 

4. Reproduces through mitosis and meiosis both 

Codes: 

(a) 1 only 

(c) 1&3 


(b) 1,2&4 
(d) 2,3 &4 


Critically endangered species of algae is 
(a) Red algae 

(b) Green algae 

(c) Brow algae 

(d) All of the above 


Consider the following statements about Panama 
disease? 

1. It is a bacterial disease 

2. It is a disease of banana crop 

3. The disease is now active in Asia 

4. Stem of plant affected by the disease is split 
Which of the above statements is/are correct? 


(a) 1 only (b) 1,2&3 
(c) 1 & 3 (d)2,3 &4 
What is Q-poc? 


(a) A new instrument to test blood sugar instantly 


(b) A new software to prevent malware attacks on 
smart phones 


(c) Anew low-cost DNA analyzer 
(d) A diagnostic tool to test hepatitis disease 


Type-Il diabetes is the most commonly prevalent 
disease. In Type-II diabetes, in initial phase 

(a) Body does not produce insulin 

(b) Body does not use insulin properly 

(c) Children and young adults are more affected 

(d) Pancreas transplantation remains effective 
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96. 


97. 


98. 


. Whatis superbug? 


(a) Asoftware 

(b) A virus 

(c) A brain disease 

(d) Antibiotic resistant bacteria 


Which among the following is/are communication 
satellite/s of India? 


(a) KALPANA 
(b) SARAL 

(c) GAGAN 

(d) Both (a) and (b) 


Disease caused from wheat allergy is called 
(a) Intestinal hypoperfusion 

(b) Crohn’s disease 

(c) Celiac disease 

(d) glutenator 


Which of the following statements is/are correct? 

l. Quantum dots are nano-particles 

2. Quantum dots can be used for fighting against 
drug resistant bacteria 

3. Quantum dots have light activated properties 
Quantum dots are made of metals 


99. 


100. 
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Codes: 
(a) 1 only (b) 1,2 & 3 
(c) 1&3 (d) 2,3. & 4 


GM variety of which of the following crops is allowed 


for commercial cultivation in India? 


1. Cotton 

2. Brinjal 

3. Soyabean 

4. Rapeseed 

Codes: 

(a) 1 only (b) 1,2&4 
(c) 1 & 3 (d)2,3 &4 


Which of the following statements is/are correct? 

1. Alloxan used in the manufacture of refined flour 
may cause diabetes in human being 

2. Use of Alloxan is banned in India 


Codes: 
(a) 1 only 
(c) Both 1 & 2 


(b) 2 only 
(d) Neither 1 nor 2 
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Bow waves, 09 
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Cathode, 262 

Cationic detergents, 133 
Caustic soda, 117, 174 
C-band, 242 
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CCTV, 305 
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Cell - its functions, 352 

Cell cloning, 356 

Cell membrane, 351 

Cell phone technology, 238-240 
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Centrifugal force, 77 
Centripetal force, 76 

Cerebral Palsy, 260 

Cerium, 103 

Cetane number, 221 

Cetane, 221 

CFPB, 307 

CGWB, 315 

Chalk, 118 

Chandrayan, 439 

Channels, 231 

Characteristics of laser, 26 
Characteristics of sound waves, 07 
Characteristics of ultrasound, 09 
Characteristics of waves, 04 
Charter of Patients’ Rights, 311 
Chemical bonds, 151 
Chemical compounds, 118 
Chemical energy, 151 
Chemical reaction, 151 
Chemicals in food, 124-126 
Chemotherapy, 134, 424 
Chengdu, 455 

Chile, 295 

Chlorine, 135 

Chloroform, 118 

Choke, 47 

Cholera vaccine, 407 


Chromatic aberrations, 21 
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Chromium, 120 

Chromosome 7, 430 

Citric acid, 117 

Classification of colours, 23 

Cleansing agents, 132 

Clinical thermometer, 72 

Clinical use of refraction, 16 
Cloning vector, 355 

Cloning, 356-361 

Cloud computing, 282 

Cloud, 301 

CMYK colours, 24 

CNG, 183 

CQ) emission calculator, 202 
Coagulation - flocculation in arsenic 
removal, 114 

Coal - types, 156 

Coaxial cable, 231, 235 
Cobalt, 120 
Cogeneration, 185 
Coherence, 26 
Coke gas, 119 
Cold cathode lamps, 51 
Cold creams, 127 
Colorants, 124 
Colour blindness, 22 
Colour of electric wires, 48 
COM, 260 
Combustibility, 156 
Combustion engine, 57 
Combustion, 174 
Common salt, 118 
Communication - its elements, 225 
Communication network, 254 
Communication satellites, 436 
Communication systems, 225-229 
Compact disk, 266 
Complementary colours, 23 
Components of laser, 33 
Components of natural gas, 182 
Compound microscope, 21 
Compounds, 95 
Computer — its types, 248 
Computer bug, 270 
Computer hacking, 270 
Computer hardware, 255-267 
Computer language, 269 


Computer malware, 270, 286 


Computer networking, 272 
Computer programme, 254 
Computer software, 268-271 
Computer system - its structure, 253, 
254 

Computer system, 247 

Computer tomography, 399 
Computer virus, 270, 286 
Computer worms, 286 

Computer, 247 

Concave lens, 15 

Concave mirror, 13, 14 
Conduction, 74 

Conduction, 98 

Conductors, 50, 74 

Conservation of energy, 151 
Conservation of momentum, 79 
Constructive inference, 20 

Contact inhibition, 423 

Control rods in nuclear reactor, 213 
Control unit, 255 

Convection, 74 

Conventional gas vs, shale gas, 194 
Conventional sources of energy, 153 
Converging & diverging lens, 21 
Convex lens, 15 

Convex mirror, 13, 14 

Coolant fluid in nuclear reactor, 213 
CoP-21 of UNFCCC, 64 

COPD, 67 

Core banking, 317 

Cornea, 403 

Corneal dystrophy, 403 

Corrosion, 443 

Corrosion, 98 

Cosmetics, 127-131 

Crest, 03 

CRISPR, 385 

CRISPR-Cas9 in cancer cure, 387 
CRISPR-Cas9, 385-388 

Critical angle, 17 

Critical reactor, 147 

Cross-linked polymers, 138 

CRT, 260 

Cryogenic Engine, 442 
Cryopreservation, 379 
Cryoprotectants, 379 
Cryptography, 290 
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CSIR, 111 
CST, 261 
CTS service, 319 
Current electricity, 46 
Cyanobacteria, 382 
Cyber crimes, 287 
Cyber forensics, 292 
Cyber security, 284-288 
Cyber stalking, 285 
Cyber terrorism, 288 
Cyber threat, 285 
Cyber warfare, 287 
Cyberspace, 288 
Cyclamate, 126 
Cyclone separator, 77 
DAE, 116 
DAE, 451 
Dark energy, 250 
Data assimilation, 251 
Data transfer rate, 237 
Data trust, 345 
DC isolator switch, 160 
DC/AC inverter, 160 
DDT, 119 
Dead pixel, 262 
Decibel meter, 11 
Deep Space Network, 232 
Defects of vision, 22 
DeITy, 299 
Demodulator, 237 
Demultiplexing, 235 
Dengue virus, 421 
Dengue, 421 
Denial of service, 285 
Deodorants, 130 
Department of Justice, 308 
Designer babies, 389 
Destructive inference, 20 
Detergent, 132 
Deuterium Depleted Water, 116 
Deuterium, 116, 204 
Deuterium-tritium plasma, 220 
DEW S in India, 39 
DEWs, 39 
Dhanashakti, 380 
Diagenesis, 187 
Diamond, 99, 106, 109 
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° Diborane, 118 

. Diethyl ether, 119 

. Diffracted waves, 05 

" Diffraction, 05 

e Diffused reflection, 12 

. Digital computer, 248 

. Digital evidence, 292 

E Digital image processing, 327 
e Digital India, 300 

° Digital natives, 247 

. Digital projector, 265 

" Digital radio, 231 

e Digital signals, 226, 234 
. Digital signature, 288, 289 
. Digital video disk, 266 
e Digital world, 247 

. Digitizer, 259 

. Dimethicone, 131 

. Dimethyl ketone, 119 

e Direct current, 47 

. DISCOM, 172 

. Disinfectants, 135 

. Dispersion of light, 18 

. Dispersion, 05 

e Diuretics, 134 
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e Dizygotic, 356 

. DLP projector, 265 

e DNA barcoding, 369 

. DNA Fingerprinting, 368 
. DNA marker,369 

e. DNA sequencing, 251 

. DNA, 251, 353, 355 
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. Domain name, 275 

" Doping, 32 

e Dopplereffect, 11 

. Doppler Radar, 246 


° DoT, 296 
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° DRAM, 256 
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. Drop-in-fuel, 180 

. Drugs, 134 

. Dry ice, 118, 183 

. Dry steam power plants, 207 
. DS Faraday, 381 


DSL modem, 237 

DSL, 236 

DST, 451 

Duplex, 280 

Dwarf planet, 87 

Dyanmo, 49 

Dye laser, 33 

Dyes, 24 

Dysprosium, 104 

Eardrum, 11 

Earth Biogenome Project, 395, 396 
Earth observation satellite, 436 
Ease of Doing Business, 301, 302 
ECG, 401 

e-Challan, 306 

Echo, 10 

Echolocation, 10 

Ecoflux, 139 

Ecofrost, 163 

Economic gardening, 325 
e-Courts, 308 

EDTA, 125 

EDUSAT, 312 

EEG, 401 

EESL, 55 

E-Governance, 299 

Einstein & gravitational field, 80 
e-Kranti, 302, 303 

Elastomers, 138 

Electric current, 46 

Electric fuse, 48 

Electric lamps, 51 

Electric motor, 49, 58 

Electric power, 47 

Electric vehicles, 57 

Electrical energy, 152 

Electrical grid, 160 

Electrical material — classification, 50 
Electricity — its heating effects, 48 
Electricity, 45 
Electroluminescent lamps, 51 
Electromagnetic induction, 49 
Electromagnetic radiation, 453 
Electromagnetic spectrum, 233 
Electromagnetic waves, 03, 228 
Electromagnets, 49 

Electron, 96 

Electrophoresis, 369 
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Elements, 95 

ELISA, 428 

E-mail, 277 

Embryonic stem cells, 362 
EMG, 401 

Emission, 157 

e-Mobility program, 64 

e-NAM, 313 

Encephalitis, 428 

Encryption technology, 290 
Encryption, 288, 290 

ene sequencing, 390 

Energy density, 60 

Energy Efficiency Services Ltd., 64 
Energy efficiency, 169 

Energy self-sufficiency ratio, 169 
Energy, 151-153 

Enrichment of Uranium, 212 
Environment Impact Assessment, 
322 

EPN, 272 

Epoxides, 124 

EPROM, 256 

Epsom salt, 119 

Erbium, 104 

Escape velocity, 80 

e-SIM, 240 

Ethane, 183 

Ethanol, 119 

Ether, 198 

Ethyl mercaptan, 182 

Eukaryotic Cell, 351 

Europium, 104 
Evapotranspiration, 324 
Evolution of laser technology, 27-31 
EVs in India, 64-70 

e-waste, 314 

Exfoliant, 130 

Exothermic reaction, 151 
Expansivity, 73 

Ex-situ conservation, 378 

Ex-situ method of shale oil 
production, 192 

External combustion engine, 57 
Ex-vivo method of gene cutting, 386 
F4E, 220 

Facsimile, 276 

FACTS, 307 
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FAME - Phase II, 66 
FAME, 58, 65, 66 
FAO, 373 

Fax, 276 

FDMA, 239 
Fermentation, 174 
Fibonacci series, 165 
Filament bulbs, 48 
Fingerprinting, 307 
Fingerprints, 307 
Fischer-Tropsch Process, 186 
Flash light vs. laser, 25 
Flash memory, 257 
Flash point, 221 

Flash steam power plants, 207 
Flicker appearance, 262 
Floatovoltaics, 161 
Floppy disk, 266 
Fluorescent lamp, 51 
Fluorescent lamps, 48 
Fluorite, 120 
Fluoroscopy, 400 
Folding proteins, 250 
Food additives, 124 
Food emulsifiers, 125 
Force, 79 
Formaldehyde, 119 
Fossil fuels, 111, 156 
Fracking, 189 
Freezing, 94 
Frequency of sound wave, 07 
Frequency, 04 

Friction, 71 

Frictional force, 75 
Fruit bats, 427 

Fuel security, 65 
Fullerene Coo, 107 
Fullerene, 107 

Fun mirror, 14 

Fusion For Energy, 220 
Fusion, 93 

Gadolinium, 104 
GAIL, 186 

GALILEO, 331 
Gallium, 252 
Galvanization, 98 
Gametes, 352 
Ganga-Brahmaputra Delta, 114 


Garnet, 120 

Gas laser, 32 

Gases, 91 

Gasification, 175 

GEMS, 315 

Gene cloning, 356 

Gene modification, 355, 370 
Gene therapy, 391 

Gene, 430 

General Theory of Relativity, 452 
Genetic contamination, 374 
Genetic diversity, 378 

Genetic engineering, 355 
Genetic surgery, 385-389 
Genome, 390 

Geology, 323 

Geospatial technology, 320, 321 
Geostationary Orbit, 457 
Geostationary satellites, 435 
Geothermal energy, 207 
Geothermal regions in India, 208 
Germplasm, 378, 379 

GHGs covered by Kyoto Protocol, 
181 

Ghosting, 262 

GIF, 425 

GIFT, 205, 206 

GIP, 205, 206 

GIS — applications, 321, 322-325 
GIS, 321 

GLNSS, 331 

GLONASS, 331 

GM crops in India, 373, 374 
GM crops, 370-374 

GM mustard, 371 

GM technology, 355 

GMO, 354 

Golden rice, 371 

Governance, 299 

GPRS vs. CDMA, 245 

GPRS, 245 

GPS, 321 

Gram-negative bacteria, 135 
Gram-positive bacteria, 135 
Graphene in water filtration system, 
109 

Graphene solar cells, 107 
Graphene, 99, 108, 109 
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Graphite, 99, 106, 121 
Gravitation, 80 
Gravitational field, 80 
Gravitational waves, 452 
Gravity, 80 

Green Climate Fund, 168 
Green House Gases covered by 
Kyoto Protocol, 181 

Green vitriol, 118 

Ground waves, 230 
GSAT, 163 

GSAT-9, 441 

GSLV Mk-III, 441 

GSLV, 439 

GSM, 240 

GSO, 437, 440 

GSP - components, 321 
GSP, 330 

GTO, 437 

Guide star, 38 

Gut bacteria, 425 
Guttaa-Percha, 141 
Gypsum, 118, 121 
Haber-Bosch Process, 382 
Half life, 145 

Halite, 121 

Hard disk, 266 

Hard soap, 132 

Hash function, 289 
HCNG, 202 

HDMI, 265 

Hearing aid, 11 

Heat energy, 57, 152 

Heat pump, 74 

Heat transfer, 74 

Heat, 72 

Heating effect, 48 

Heating effects of electricity, 48 
Heavier hydrocarbons, 183 
Heavy Water Board, 116 
Heavy water plants in India, 218 
Heavy water, 116, 213 
Helium-Neon laser, 33 
Helminthes diseases of human, 411 
HELP, 195 

Hertz, 04 
Hexachlorophenol, 135 
HGP, 390, 391 


HGP-Read, 391 

HGP-Write, 391 

Hidden hunger, 380 

High level language, 269 
Histamine, 135 

History of communication, 225 
HIV-AIDS, 422 

Hoax, 286 

Hohmann transfer, 82 
Holmium, 104 

Hormonal disorders, 414 -416 
Hot cathode lamps, 51 

Hot spring, 207 

Hotspot, 207, 278 

HTLV-1, 429 

HTTP, 275 

Hubble Space Telescope, 436 
Human bipedal robot, 338 
Human Body Clock, 457 
Human ear, 11 

Hybrid computer, 248 
Hybrid electric vehicles, 58 
Hybrid vehicles, 66 
Hydrated iron oxides, 117 
Hydraulic fracturing, 189 
Hydraulic press, 86 
Hydraulic systems, 86 
Hydrochloric acid, 117 
Hydrogen — storage, 204 


Hydrogen fuel cell technology, 205 


Hydrogen fuel cell, 203 
Hydrogen fuel, 203-205 
Hydrogen Vision — 2020, 206 
Hydrogen, 95 

Hydrostatic equilibrium, 87 
Hydrostatics, 86 
Hypermetropia, 15, 22 
Hyperopia, 43 

ICANN, 277 

ICT & Agriculture, 313 

ICT & Banking, 317-319 
ICT & Education, 312 

ICT & Environment, 314-316 
ICT & Governance, 299-301 
ICT & Health, 310, 311 

ICT in Law & Order, 304-309 
IDRBT, 317 

IGCC technology, 186 


IITM, 249 

Image burning, 262 

Image processing & pattern 
recognition, 307 

Image restoration, 327 
Imaging technologies, 399, 400 
Immunotherapy, 424 
Impact printer, 263 
Impersonation, 289 

IMPS, 318 

Incandescent bulb, 51 
Incident wave, 05 

INDC, 64 

India & NPT, 215 


India's 3-Stage Nuclear Programme, 
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India's INDCs in CoP-21, 64, 167 


India's nuclear programme, 215 
Indium, 252 

Inductor, 47 

Inertia, 78 

Inference of light, 20 
Information Technology, 247 
Infrared cameras, 460 

Infrared waves, 06 

Infrasound, 07 

Inkjet printer, 263 

Inner ear, 11 

In-situ conservation, 378 
In-situ method of shale oil 
production, 192 

Insolation, 160 

Insomnia, 430 

Institute of Plasma Research, 93 


Institute of Stem Cell Research & 


Regenerative Medicine, 363 
Insulators, 50, 74 

Insulin, 426, 430 
Interferometer., 453 

Internal combustion engine, 57 


International Space Station. 454 


Internet Engineering Task Force, 274 


Internet Protocol, 275 
Internet server, 276 
Internet society, 274 
Internet, 274 
Intranet, 274 


Inverse-square law, 82 


In-vitro culture, 375 


Iodine, 121 

IoT, 293, 294 

IP, 274 

IPI Pipeline, 193 
IPOS cycle, 253 

IPR, 93 

iPSCs, 362 

IPv6, 244 

IRGSP, 393 
Irradiation, 160 
Irregular reflection, 12 
ISDN, 240 

Isobars, 97 
Isomerization, 97 
Isomers, 97 

Isotones, 97 

Isotopes, 95, 97 

ISP, 296 

ISRO & Li-ion batteries, 61 
ISRO, 38, 163, 444 
ISRO's Green Propellant, 443, 444 
ISRO's missions, 445-450 
ISS, 435 

IT Act, 2000, 291 
Itai-Itai disease, 412 
ITER, 220 
IT-revolution, 247 
IWST, 316 

Jatropha, 197 

JICA, 114 

Joystick, 258 

Ka Band, 242 
Kaleidoscope, 14 
Kepler's laws, 82 
Kerogen, 187 

Kevlar, 108 

Keyboard, 258 

Kinetic energy, 91, 151 
Kinetic friction, 71 
Knocking, 221 

Ku Band, 242 
Kwashiorkor, 412 
Laboratory thermometer, 72 
LaCONES, 358 
Lactoferrin, 364 

LAN, 272 

Land surveying, 324 
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Lanolin, 127 
Lanthanum, 103 

Laser in India, 44 

Laser in space, 38 

Laser internet, 44 

Laser printer, 44, 264 
Laser vs. natural light, 25 
Laser walls, 44 

Laser, 25 

LASIK surgery, 43 
LASTEC, 39 

Latent heat, 73, 94 
Laughing gas, 119 
Launch vehicles, 438 
Law of radioactive decay, 143 
Law of reflection, 10, 12 
Law of refraction, 12 
Laws of friction, 71 
Laws of motion, 78 

LCD projectors, 265 
LCD, 260 

Lead, 121 

Lead-acid battery, 59 
LED vs. CFL, 53 

LED, 44, 52, 261, 381 
Leghaemoglobin, 383 
Leigh syndrome, 366 
Lens, 15 

LEO, 437, 455 
Leukemia, 423 

LIDAR applications, 41 
LIDAR intensity, 42 
LIDAR, 40 

Li-Fi, 279 

Light energy, 152 

Light pen, 258 

Light pollution, 456 
Light, 12, 20 

Lightning, 45 
LIGO-India, 451, 452 
Li-ion battery, 60 

Lime treatment process of arsenic 
removal, 114 

Limestone, 121 

Limited spectrum antibiotics, 136 
Linalool, 129 

Linear polymers, 138 
Liquefied Natural Gas, 182 


Liquid Biofertilizers, 383 
Liquid, 91 

Liquid-state laser, 32 
Lithium, 69, 121 
Lithium-air battery, 62 
Longitudinal waves, 03 
Low level language, 269 
LPG - components, 183 
LTE, 283 

Lunar caustic, 119 

Lunar eclipse, 19 

Lupus vulgaris, 129 
Lutetium, 104 

Mach number, 09 
Machine language, 269 
Magic Dust, 252 

Maglev, 49 

Magnesium diboride, 115 
Magnesium hydroxide, 117 
Magnesium, 121 


Magnetic effects of electricity, 49 


Magnetic field, 49 
Magnetic ink, 259 
Magnetic levitation, 49 
Mainframe computer, 249 
Make in India, 301 
Malaria, 136, 420 
Malleability, 98 
Malnutrition, 412 

MAN, 272 

Manganese, 121 
Mangroves, 325 

Mapping, 324 

Marasmus, 412 

Mass energy equivalence, 152 
Mass number, 96 

Mass Spectrometry, 219 
Mass vs. weight, 87 
Matter, 91-95 

Max-Min thermometer, 72 
MCB, 48 

Mechanical energy, 57 
Mechanical waves, 03 
Media, 231 

Medical chemistry, 134-137 
Medical sensors, 107 
Medicines, 134 

MEG, 401 
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Meghraj, 300 

Meiosis vs. Mitosis, 352 
Melanin, 127 

Melting point, 73 
Melting, 94 

Mendel's laws, 389 
Mercury thermometer, 72 
Mercury vapor lamp, 51 
Mercury, 121 
Mesosphere, 38, 230 
Metabolism, 136, 376 
Metals & their ores, 100 
Metals, 98 

Metastasis, 423 
Methane, 183 

Methanol, 119, 174 
Methyl methoate, 119 
MHIPE, 65 

MICA, 121 

MICR, 259 

Micro computer, 249 
Microbes in space, 459 
Microbial cloning, 356 
Micromoon, 19 
Microphone, 259 
Microprocessor, 255 
Micropropagation, 375 
Microwave weapons, 39 
Microwaves, 06 
Middle ear, 11 
MIMO, 244 
Mineral/elements & their uses, 120- 
123 
Miniamata disease, 412 
Minicomputer, 249 
Mining of fossil fuels, 157 
Mirage, 17 
Mischmetal, 104 

MISO, 244 
Mitochondria, 366 
Mixtures, 95 

MMS, 245 

Modem, 227, 237 
Moderator in nuclear reactor, 213 
Modulator, 237 
Molecular hydrogen, 203 
Molybdenum, 122 
MoM, 439 
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Monazite, 102, 218 

Monitor, 260 

Monochromatic light, 26 
Monogenic disease, 389 
Monopropellant, 443 
Monozygotic twins, 356 
Mosquito-borne diseases, 417-419 
Motion, 79 

Motor-Neuron discase, 358 
Mouse, 258 

MOVE, 66 

MRI, 399 

MROM, 256 

m-STrIPES, 316 

MTSO, 238 

Mudstone, 187 

Multiple images, 13 
Multiplexing, 235 

Mumps vaccine, 407 

Mustard gas, 119 

Myocorrhiza, 382 

Myopia, 15, 22, 43 

NaclC, 331 

NAND flash memory, 257 
Nanotubes, 107 

NAPCC - eight missions, 169 
Narrow spectrum antibiotics, 136 
NASA, 38 

National Biodiesel Mission, 197 
National Biofuel Policy, 180, 180 
National Cyber Security Policy, 297 
National Digital Communication 
Policy, 298 

National Guidelines for Stem Cell 
Research in India, 363 

National Institute of Wind Energy, 
211 

National Solar Mission, 167 
Natural gas - components, 182 
Natural Gas, 182, 183 

Natural gasoline, 183 

Natural polymers, 138 
Navigation satellites, 436 
NAVSTAR, 331 

NCDC, 427 

NCRB, 305 

Nd : YAG laser, 33 

Near Earth Network, 232 


Near point of eye, 22 

NEFT, 318 

Negative electrode, 60 
Negative work, 75 

NeGP, 299 

Neils Bohr's Model of Atom, 96 
NEMMP, 65 

NEN, 232 

Neodymium, 103 
Neoplasm, 134 

Neotame, 126 

Nerve gas, 119 

Net Neutrality in India, 296 
Net Neutrality, 295, 296 
Neutral buoyancy, 83 
Neutron, 96 

New-Gen ATMs, 317 
Newton & centripetal forcc, 76 
Newton's law of cooling, 74 
Newton's law of gravitation, 80 
NFS service, 319 

NHERM, 205 

NIC, 300 

NiCD battery, 59 

Nickel, 122 

NICNET, 300 

NiMH battery, 59 

Nipah virus, 427, 428 
Nipermag, 49 

NITI Aayog on EVs, 67 
NITI Aayog, 67 

Nitric acid, 117 

Nitrogen fixation, 382 

NIV, 428 

NIWE, 211 

NKN, 312 

Noble gases, 92 

Nocturnal animals, 456 


Non-benign tumor, 423 


Non-conventional sources of energy, 
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Non-impact printer, 263 
Non-ionic detergents, 133 
Non-mechanical waves, 03 
Non-metals, 99 

NOR flash memory, 257 
NPCI, 318 

NPCIL, 216 


Nuclear chain reaction, 213 
Nuclear energy, 152 

Nuclear fission, 214 

Nuclear fusion, 214 

Nuclear medicine, 400 

Nuclear meltdown, 213 
Nuclear power in India, 215, 216 
Nuclear reactor, 212-214 
Nuclear reactors — types, 214 
Nucleic acids, 353 

Nucleotide, 353 

Nutritional deficiency disorders, 413 
OCR, 259 

Octane number, 221 
Odoriferous substances, 129 
Oil & Natural Gas formation process, 
188 

Oil eating bug, 384 

OMR, 260 

Opaque object, 23 

Open Acreage Policy, 195 
Operating system, 268 

Optical fiber, 231, 235 

Optical instruments, 21 

Optical Mark Reader, 260 

Oral Polio Vaccines, 407 
Orbital period, 82 

Oscillations vs. waves, 03 

Outer ear, 11 

Outline fonts, 264 

Overloading, 48 

Oxalic acid, 117 

Oxidation method of arsenic removal, 
114 

Oxidizer, 443 
Oxo-biodegradable plastic, 139 
Oxytocin, 110 

Ozone cracking, 139 

PACS, 310 

Pancreas, 426 

Panthenol, 131 

Parabens, 131 

Parallel connections, 46 

Parker Solar Probe Mission, 458 
Pascal law, 86 

Passive remote sensing, 320 
Passive Sonar, 09 


Pathogens, 134 
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e Patients’ Rights in India, 311 
e Pen drive, 266 
e Penicillin, 136 
e Perfume, 129 
e  Perigee & Apogee, 437 
. Periscope, 14 
e Permanent magnets, 49 
. PET, 400 
° Phenol, 119 
. Phenylketonuria, 126 
e Phloem, 352 
. Phosphate rock, 122 
e Phosphoric acid, 117 
© Photocopier - its working, 45 
e Photosynthesis, 173 
e Photovoltaic cells, 158 
. Photovoltaic effect, 159 
e Phyllotaxy, 165 
. Pigments, 24 
e Pixels, 261 
. Plane mirror, 14 
e Plant cloning, 357 
. Plant life cycle, 457 
. Plant tissue culture, 357 
e Plantix, 341 
. Plasma antenna, 93 
. Plasma ashing, 93 
LI Plasma cleaning, 93 
. Plasma coating, 93 
° Plasma Nitriding, 219 
. Plasma Pyrolysis, 219 
. Plasma,92, 219 
. Plaster of Paris, 118 
. Platinum, 122 
. Plug-in hybrid electric vehicles, 58 
. Pluripotent stem cells, 362 
. Plutonium-239, 212 
. p-n junction, 159 
° POLAN, 272 
. Polar satellites, 435 
. Polaritons, 252 
. Polarization of light, 20 
. Polarization, 05 
. Polaroid sunglasses, 20 
e Polymer chain reaction, 369 
. Polymerization, 138 
. Polymers, 138 
. Pornography, 285 
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Porro Prism, 17 

Positive electrode, 60 
Positrons, 96 

Postscript language, 264 
Potash alum, 118 

Potash, 122 

Potassium hydroxide, 117 
Potassium nitrate, 118 
Potential difference, 46 
Potential energy, 91, 151 
Powdery Mildew Fungus, 388 
Power evacuation, 172 

Power of a lens, 15 
Praseodymium, 103 
Presbyopia, 22, 43 
Preservatives, 124 

Pressure cooker, 74 
Pressurized Heavy Water Reactor, 
214 

Pressurized Water Reactor, 214 
Primary colours, 23 

Primary energy, 154 

Printer command language, 264 
Printer fonts, 264 

Printer language, 264 

Printer, 263 

Process of cloning, 360 
Producer gas, 119, 175 
Programming software, 268 
Project loon, 283 

Projector, 265 

Prokaryotic Cell, 351 

PROM, 256 

Promethium, 103 

Pronuclear transfer, 366, 367 
Propagation of sound, 07 
Propane, 183 

Properties of laser, 25 
Properties of light, 12 
Properties of waves, 05 
Propulsion, 57 

Protein Energy Malnutrition, 412 
Proton, 96 

Protozoan diseases of human, 409 
PSLV vs. GSLV, 440 

PSLV, 439 

Pulse, 40 

Pyrite, 122 
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Pyrolysis, 175, 192 
Pyrometers, 72 

Quartz, 122 

Quick lime, 118 

Quinolenes, 135 

QZSS, 331 

Radar waves, 03 

RADAR, 246 

Radiation poisoning, 145 
Radiation sources, 145 
Radiation, 74, 115 

Radio frequency bands, 228 
Radio waves, 03 

Radio, 238 

Radioactive pollution, 146, 147 
Radioactive therapy, 145 f 
Radioactivity, 142 
Radiocarbon dating, 143 
Radiography, 399 
Radioisotopes, 143 
Radiometer, 320 

Radiometric dating methods, 145 
Radiometric resolution, 327 
Rain fade, 242 
Rainbow, 18 
RAM, 256 
Raman Effect, 18 
Ranger Russet Potato, 388 
Rare Earth Elements, 102 
IDNA, 354 
RDX, 118 
Reactive metals, 98 
Reactivity of non-metals, 99 
Real image, 13 
Reconnaissance satellites, 436 
Reflectance characteristics, 326 
Reflection, 05, 12, 13 
Reflective telescope, 21 
Refracted wave, 05 
Refracting telescope, 21 
Refraction related phenomena, 16 
Refraction, 05, 12, 15 
Refractive error, 43 
Refractive index, 17 
Regenerative braking, 58 
Register, 255 
Relative density, 83 


Remote sensing - applications, 
328,329 

Remote sensing, 320, 326-329 
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Esencia: Science & Technology, is an excellent addition to ‘Esencia’ series of titles which has 
carved out a niche area in the UPSC domain. The book is one of its kind with unique 
modular features. Presentation of content follows a descriptive as well as an ascriptive 
approach using sophisticated ‘Mind Maps’ and ‘Flowcharts’. This is directly connected to 
enhanced memory retention. 
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